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1.0  TNTROnUCTION 

1 ■ 1  LQCAIIQH-AMD-QEERAIIQH-SUMMABY 

The  Rocky  Mountain  Arsenal  (RMA)  occupies  approximately  27  square  nille.s 
(sq  ml)  In  Adams  County,  Colorado,  and  Is  located  9  miles  (ml)  northeast  of 
downtown  Denver  (Figure  1.1-1).  RMA  was  established  for  manufacturing 
chemical  and  Incendiary  munltlon.s  and.  In  later  year.s,  for  denil  1  1  ta  t  t  z;i  t  ion 
(destruction)  of  chemical  ordnance.  Industrial  chemicals  were  manufactured 
at  RMA  by  several  lessees  from  19A7  to  1982. 

The  majority  of  property  occupied  by  RMA  was  purchased  lu  19/i2.  Throughout 
World  War  11  (WWIl),  chemical  Intermediate  munitions,  toxic  end-item 
products,  and  Incendiary  munitions  were  matuifac lured  arid  assendjlccl  at  RMA- 

From  19h5  to  1950,  RMA  distilled  stocks  of  l.ovlnstetii  (II)  niuslard, 
demilitarized  mustard-filled  shells,  and  test-fired  1 07-ml 1  I  1  met er  (mm) 
mortat  rounds  filled  with  smoke  and  high  explo.slvos-  Many  different  types 
of  obsolete  WWII  ordnance  weie  also  destroyed  by  deiotuitlon  or  burning 
during  that  period. 

In  19A7,  certain  portions  of  RMA  wore  lea.sed  to  the  Colorado  Fuel  and  Iron 
Corporation  (CFRI)  for  chemical  manufacturing.  CF&l  niatiufaciured 
chlorinated  benzenes  and  dlchlorodlphenyltrlchloroethane  (DDT).  Julius 
Hyman  and  Company  assumed  the  CFAl  lease  In  1950  and  produced  several 
pesticides.  Shell  Chemical  Company  (SCO  later  assumed  the  pesticide  .and 
herbicide  manufacturing  operations  and  operated  under  the  leases  until  1982 

In  the  early  1950s,  RMA  was  selected  to  produce  the  chemical  nerve  agent  GB 
The  manufacturing  facility  was  completed  In  1953  and  produced  agent.s  utitll 
1957,  with  munitions  filling  operations  continuing  until  l.ite  1989.  81ncc 
1970.  RMA  has  been  Involved  pr  Ini.ir  I  1  y  with  the  deml  I  I  l  .m  I  M  on  ol  clu’iiilcal 
warfare  materials- 
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1)1  .S|'ds;l  I  pr.irtifep  '  Pf’A  li.ivi-  I  lie  1  ii<l  i-il  rniillnc  ci  I  sc  !i,\ r  )>,o  nl  liuliisttl.il 
waste  erflueiils  to  imlltied  ev.npor.at  l<5n  hasliif;  atirl  hiiri.il  of  .solid  w.t.sic.s  .i  I 
various  locations.  In  addition,  unt  nt  enl  Iona  1  .spills  of  rtiw  materials, 
process  Intermedlate.s .  and  end  products  have  occurred  within  the 
manufacturing  complexe.s  at  RMA  •  Some  of  the  compounri.s  are  mobile  'n  ;;ui  f.'icc 
and  ground  waters  while  others,  such  as  pesticides,  arc  much  less  mobile 

In  195A  and  1955.  farmers  northwest  ol  RMA  u.s  1  ng  well  water  for  Itrigat  ion 
reported  severe  crop  losses  (HEW,  1965,  RiC#850()7R02 )  .  In  197'i.  two 
contaminants,  dl  Isopropy  Imet  hy  1  phosphonaie  (l)IMl’),  which  Is  a  by-product  iu 
the  manufacture  of  liio  nerve  agent  Satin  (GB),  and  d  1  eye  1  opeiit  ad  1  eue  (DCI’D), 
a  chemical  used  In  Insecticide  production,  were  detected  in  rjffpo.st  .surface 
w.iLer-  Since  1978,  d  1  bromochloropropane  (I)BCI’).  >>  nemaloclde  .snlppctl  I  r  om 
RMA  by  rail  ftom  1970  ttt  1975,  has  been  Identified  in  ofl'post  ground  water- 
In  response  to  the  detect  ion  of  ori.slle  contaminants,  the  Stale  of  Coloiado 
Issued  .a  Cease  and  Desist  Order  In  1975  which  rcduired  RMA  ttj  Initiate  a 
regional  sampling  and  hydrologic  suivelllance  program-  The  piogt.-im  requited 
quarterly  collection  and  analysis  of  over  100  tjiipos  t /of  f  pos  t  .surface  and 
ground  water  .samples.  From  1975  to  the  present  date,  varloii.s  other  progritiii.s 
have  been  Impleitientod  and  are  utilized  for  monliorltig  atid  .sur  ve  1  I  1  .tnee  rtf 
ground  and  .surface  water  In  order  to  saiKsfy  opcratlottal  atul  other 
regul.atory  requirements- 

1-2  lASK./i/i-QBJECIiVtS 

As  (lart  rrf  the  environmental  Investigation  at  RMA.  the  neces.stly  of 
c.st  a  bl  Ish  I  ng  a  comprehensive  data  ba.se  for  surf.icc  and  ground  water  has  been 
recognized.  Task  A  addres.sed  part  of  this  need  by  providing  baseline  data 
to  assess  cont.anilnnnl  d  1  st  r  1  but  lon.s  at  RMA- 

Under  Ta.sk  A.  throe  rourid.s  of  water  .samples  were  cnllcctetl  ovi'i  t  1 -ye.it 
period  within  RMA  to  achieve  the  lol  lo--l  iig  ob  jec  l  I  ve.n  . 

o  Satisfy  compi  lance-orlcn' ed  logul.itoty  requirement;;  undet  the 

Comprehensive  Etivlronraent.il  Uespon.-a’ .  Gompen.n.i  t  Urn .  and  l.l.ibtllly 
Act  of  1980  (CERCI.A)  and  t  ne  substantive  requ  I  rometit.s  of  all 
applicable  or  relevant  and  appropriate  Federal  and  State 
requirements  that  have  application  through  CERCLAt 
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o  Onnrirm  the  exlrtenre  nnti  ehnnii  cn  1  nntnre  of  cnn  t  nml  n.n  i  t  on  .Tnd 
monitor  any  changes:  In  the  lateral  and  vertical  e.xtent  of 
contamination;  and 

o  Develop  a  core  data  base  for  use  In  upcoming  litigation  and 
Remedial  Invest Igat lon/Feas Ibll Ity  Study  analyses  for  RMA. 

Task  kt*  was  developed  using  the  core  Task  A  objectives,  vever,  the  scope 
of  the  task  has  been  broadened  to  address  other  salient  items  that  were 
beyond  the  scope  of  Task  A. 

Figure  1-2-1  delineates  the  location  of  boundary  conta  I  nii.ent  systems  and 
potential  RMA  contaminant  sites-  The  Interaction  of  specific  task.s  with 
Task  Is  Illustrated  In  Figure  1-2-2. 

Task  /)/)  (under  Contract  No-  I)AAK-ll-8/i-D-0016)  was  awarded  on  March  19, 

1987.  The  objectives  of  Task  A/i  as  detailed  in  the  Delivery  Order  are  to: 
o  Assess  the  distribution  and  concentration  levels  of  ground  water 
and  surface  water  contaminants  and  monitor  changes  In  water 
quality  with  respect  to  these  contaminants  for  both  the  onpost  and 
offpost  areas: 

o  Monitor  and  evaluate  changes  in  water  levels; 

o  Evaluate  data  and  recommend  program  moalf lent  ions  to  this  or  other 
water  monitoring  tasks:  and 

o  Identify  areas  of  significant  public  exposure  and  make  appropilate 
Information  available  to  Tasks  35  and  39- 

In  order  to  satisfy  the  primary  goals  of  the  task,  certain  ancillary 
objectives  will  be  accomplished-  Additionally,  these  efforts  will  further 
define  the  Task  Uk  scope-of-work  (SOW); 

o  ULllize  -available  geologic  data  to  furlher  define  the  current 
understanding  «,f  the  geologic  condltltms  pi  esctil  a  l  KHA  •- 
o  Summarize  the  hydrogeoiogi c  co.id  1 1  Itnu:  In  l  he  ontio;:!  and  oM  po;;t 
areas  by  integrating  extsllng  hydrologic-  geologic.  .u;(l  water 
quality  data; 

o  Identify  the  primary  hydrogeologlc  pathways  by  which  contaminants 
are  being  transported  to  the  RMA  boundary  or  the  offpost  area; 

1-A 
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Figure  1.2-1  Prepared  for 

LOCATION  OF  MAJOR  POTENTIAL  CONTAMINANT  SITES,  Program  Manager’s  Office 

LAKES  AND  CONTAINMENT  SYSTEMS  Rocky  Mountain  Arsenal 

SOURCE:  HLA  1987  Aberdeen  Proving  Ground,  Maryland 
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o  rvnhinte  the  exltsflnp  mcnt  tnrl  ng  prngr.nm  for  Hnl.i  de  f  1  c  t  I'nt- 1  on  .tthI 
assess  the  need  for  additional  wells;  and 
o  Integrate  all  data  from  water  related  tasks  and  supply  appropriate 
Information  to  Task  23  efforts  including  data  bases,  contaminant 
distribution  maps,  and  hydrogeologlc  assessments- 

Task  AA  will  establish  the  hydrologic  core  data  base  for  and  provide  to  the 
Endangerment  Assessment  (EA)  and  Feasibility  Study  (FS)  groups  adequate 
Interpretation  and  characterization  of  hydrologic,  geologic,  and  geochemical 
data  so  that  their  specified  goals  can  be  achieved- 

The  overall  Task  AA  program  will  be  designed  to  be  dynamic  In  nature  and 
will  be  modified,  as  required,  in  response  to  ongoing  data  evaluation  and/or 
changes  in  the  SOW  or  task  objectives-  Task  AA  will  form  the  base  or  trunk 
hydrologic  program,  while  other  efforts  (Tasks  25,  36,  38,  39,  etc.)  will  be 
tributary  or  branch  efforts  which  will  satisfy  specific  individual  task 
needs,  as  well  as  augment  the  Task  4A  program. 

In  addition  to  27  sq  mi  of  onpost  area  covered  by  Task  19  sq  mi  of  the 
off post  area  are  being  monitored  as  shown  in  Figure  1-2-3-  The  off post  area 
extends  northwestward  from  RMA  to  the  South  Platte  River-  Several  other 
detailed  ground  water  tasks  address  localized  areas  within  the  Task  99  study 
area.  The  areas  covered  by  each  of  these  tasks  are  shown  In  Figure  1- 2-3- 

All  studies  under  Task  99  will  be  performed  in  accordance  with  the 
requirements  and  technical  specifications  discussed  in  Section  C-3  and 
Appendices  A  (USATHAMA,  1982,  RICnKSTOASROa)  and  B  (USATHAMA,  1983)  of 
Contract  DAAK-1 1-89-D-0016 ,  except  where  modified  as  required  for 
technical / 1 It igat Ion  standardization-  Standardized  methods,  protocols,  and 
criteria  will  be  consistent  with  those  performed  In  T.isks  1-  2,  and  9  and  ris 
established  during  subsequent  meetings  between  the  Army  and  corn  r-tc  Lor.s . 
Services  conducted  under  Task  99  will  Include  collection,  analy.sls- 
reduction,  compilation,  and  assessment  of  environmental  data  for  both 
surface  water  and  ground  water-  Ground  water  elevation  and  water  quality 
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Figure  1.2-3 

AREAL  EXTENT  OF  TASK  44 
AND  OTHER  RELATED  GROUND 
WATER  PROGRAMS 

SOURCE;  HLA,  1887 


Prepared  for: 
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data  win  be  collected  on  a  quarterly  and/or  semiannual  basis.  Stream  Tlow 
evaluations  and  surface  water  event  sampling  will  also  be  conducted. 

1 . 3  GEOLOGIC 

The  topography  at  RMA  consists  of  rolling  hlllsi  expansive  areas  of  plalnsi 
and  sraalli  shallow,  enclosed  basins.  The  maximum  topographic  relief  Is 
approximately  220  feet  (ft).  The  elevation  above  mean  sea  level  (nisi) 
ranges  from  5,340  ft  at  the  south  boundary  to  5,120  ft  at  the  northern 
boundary.  The  topographic  surface  at  RMA  slopes  gently  northwest  toward  the 
South  Platte  River  at  approximately  0.35  degrees  (Figure  1.3-1). 

RMA  Is  located  within  the  geologic  province  of  a  structural  depression 
called  the  Denver  Basin.  The  basin  is  an  elongate,  north-south  trending 
feature,  300  ml  long  and  200  ml  wide,  covering  north-central  Colorado  and 
parts  of  Wyoming  and  Nebraska.  The  basin  is  bound  by  mountains  of  the  Front 
and  Laramie  Ranges  on  the  west,  the  Hartvllle  Uplift  and  Chadron  Arch  on  the 
north,  and  the  Las  Animas  Arch  and  Aplshapa  Uplift  on  the  south.  The  basin 
Is  an  asymetrlc  syncline  with  a  steeply  dipping  western  flank  that  exposes 
several  sedimentary  units  In  outcrop  along  the  Colorado  Front  Range.  The 
eastern  flank  of  the  basin  Is  gently  dipping.  Regional  dip  of  bedrock  at 
RMA  is  to  the  southeast  at  0.5  degrees  or  less.  The  basin  axis  trends 
north-south  and  occurs  closer  to  the  western  flank. 

Prior  to  formation  of  the  Denver  Basin  In  its  current  structural 
configuration,  the  basin  area  was  host  to  a  series  of  orogenlc, 
transgressive,  and  regressive  events  during  the  Cambrian  to  Late  Cretaceous 
periods.  Various  sedimentary  strata  were  deposited  during  this  time  and 
Include  conglomerate,  sandstone,  shale,  and  limestone  units.  The  Denver 
Basin  was  downwarped  to  a  syncllne  during  the  Late  Cretaceous-early  Tertiary 
Laramlde  orogeny,  and  the  Denver  Formation  was  depo.sltcd  during  tht.s  goneral 
lime  period.  Continued  sedimentation  occurred  lii  the  basin  i  luouglioni  the 
Tertiary  period.  Tertiary-Quaternary  f.nultlng  and  regional  up)  lit  eroded 
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over  1 lOOO  ft  of  sediments  and  rnrvcd  deep  pnleochnnnels  Into  the  surface  of 
the  Denver  Formation  In  the  RMA  area.  Figure  1.3-2  shows  paieochannel s  and 
paleotopographlc  relief  as  determined  by  most  recent  ESE  efforts. 

Deposition  of  alluvium  on  this  eroslonal  surface  occurred  during  the 
Quaternary  period. 

Sediments  present  at  the  land  surface  at  RMA  consist  of  unconsolidated 
alluvial  and  eollan  deposits  of  Quaternary  age  (Figure  1.3-3).  The  material 
Is  composed  primarily  of  alluvial  fill,  dune  sand >  and  glacial  outwash 
containing  cobbles i  boulders,  and  minor  beds  of  volcanic  ash  In  a  more 
predominant  matrix  of  sands,  gravels,  silts,  and  clays.  The  combined 
thickness  of  the  surflclal  materials  ranges  from  0  to  130  ft.  Thicker 
deposits  may  Infill  pcleochannels  eroded  into  the  surface  of  the  Denver 
Formation  (Figure  1.3-2),  as  Indicated  by  lithologic  logs  from  boreholes 
within  channel  areas.  Locally,  deposit.^  ■  y  be  cemented  by  calcium 
carbonate  forming  conglomerates,  sandstones,  etc-  The  ulJuvlal  material 
commonly  becomes  more  coarse  at  the  base  near  the  bedrock  contact. 

The  Denver  Formation  underlying  RMA  consists  of  250  to  ^00  ft  of  olive, 
bluish-gray,  green-gray,  and  brown  bentonitic  claystone  and  slltstone-  It 
Is  Interbedded  with  poor  to  moderate  sorted,  weakly  lithlfled,  tan  to  brown, 
fine-  to  medium-grained  sandstone-  The  contact  between  the  alluvium  and 
Denver  Formation  Is  often  marked  by  a  weathered  zone  In  the  Denver  that  may 
be  up  to  ^0  ft  thick.  Lignite  beds  and  carbonaceous  shales  are  common,  as 
are  volcanic  fragments  and  tuffaceous  materials.  Sandstones  are  mainly 
discontinuous  to  semlcont Inuous  lenticular  bodies  which  may  also  possess  a 
shoestring  or  alluvial  channel  morphology.  These  lenses  are  distributed  In 
thick  claystone  sequences  and  are  poorly  defined  because  the  sandstones 
often  grade  Into  the  encompassing  clay  and  shale-  A  shale  claystone  layer 
ranging  from  75  to  200  ft  thick  marks  the  Denver-Arap.ahoe  cf)ntnct  In  the  RMA 
area.  Several  regional  RMA  geologic  r.ssessments  Indicate  that  the  geology 
and  hydrology  of  RMA  Is  quite  complex  (Ertec-  1982.  RlC«83013R()i :  May.  1902, 
R1Cim82295R01). 
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GEOLOGIC  MAP  OF  RMA  AREA 

SOURCE:  UBQ8.  18B1 
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1 .  U  GROUND-  WATEB-IIYDROLQGI 

The  Denver  ground  water  basin  contains  significant  economically  Important 
ground  water  resources.  The  ground  water  basin  underlies  the  area  extcmllng 
from  Greeley.  Colorado  In  the  north  to  Colorado  Springs,  Colorado  In  the 
south  and  from  the  Front  Range  Uplift  in  the  west  to  near  Llraon,  Colorado  In 
the  east.  Formations  ranging  in  age  from  Pennsylvanian  to  Tertiary  contain 
water-bearing  units.  Surflclal  alluvial  deposits  and  Front  Range 
crystalline  rocks  may  locally  yield  enough  water  to  be  considered  aquifers. 

The  Late  Cretaceous  Fox  Hills  Sandstone,  the  Late  Cretaceous  Laramie 
Formation,  the  Late  Cretaceous-early  Tertiary  Denver  and  Arapahoe 
Formations,  and  the  early  Tertiary  Dawson  Arkose  are  the  four  m.njor  bedrock 
aquifers  In  the  Denver  Basin  (Romero,  197C,  RIC/.81266R69)  .  The 
stratigraphic  relationship  of  these  formations  are  shown  in  generalized 
geologic  cross  sections  drawn  from  west  to  east  and  from  south  to  north 
through  the  basin  (Figure  l.A-lt.  The  L.atc  Cretaceous  Pierre  Shale 
underlies  the  Fox  Hills  Sandstone  and  is  considered  the  base  of  the  major 
bedrock-aquifer  system  because  of  Its  great  thickness  and  its  minimal 
permeability  (Robson  and  Romero,  1981,  R1C*'82  350M02 ) . 

Two  major  hydrogeologl c  subdivisions  of  the  Denver  ground  water  basin  are  of 
primary  concern  at  RMA .  The  Denver  Formation  and  the  unconsolidated 
Quaternary  alluvial  and  eollan  surflclal  deposits  contain  aquifers  that 
comprise  the  shallow  ground  water  regime  under  RMA.  Deeper  aquifers  such  as 
the  Arapahoe  and  Laramle-Fox  Hills  are  below  the  zone  of  ground  water 
contamination  and  are  not  considered  in  this  study. 

The  entire  sequence  of  surflclal  alluvial  materials  Is  considered  capable  of 
bearing  water.  The  saturated  thickness  of  the  alluvium  varies  from  0  to 
over  60  ft  at  RMA,  with  thickest  occurrenc.’s  In  i  he  wesl  and  HOUihwc;:i  areas 
of  RMA  Infilling  paleochanne 1 s .  Approximately  20  to  25  percent  ol  the 
alluvium  underlying  RMA  is  unsatur.ited  (Figure  l.A-2)-  Overall  alluvial 
permeability  Is  enhanced  by  the  occasional  coarse  nature  of  inn  ter  l;i  I  s . 
particularly  at  the  base  of  the  alluvium  where  gravels,  cobbles,  and 
boulders  may  Infill  paleochannels  Incised  Into  the  Denver  Formation.  These 
paleochannels  (infill)  may  provide  dominant  ground  water  flow  pathst 
however,  it  Is  anticipated  that  paleochannels  may  exhibit  less  control  on 
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ground  water  flow  and  contaminant  transport  In  areas  of  thick,  saturated 
alilvlum*  The  alluvial  aquifer  Is  generally  iinconflned  and  under  water 
table  conditions,  though  local  clay  lenses  may  produce  perched  or  confined 
conditions- 

As  determined  from  pumping  tests,  the  hydraulic  conductivity  of  the  alluvial 
aquifer  ranges  from  approximately  1.0  to  1.0  x  10“^  centimeter:;  per  secoiul 
(cm/sec)  (May,  1982,  R1C#82295R01 )  •  Higher  hydraulic  conductivity  v.ilue.s 
are  associated  with  burled  channels.  The  transmissivity  ranges  from  2-16  to 
360  cm^/sec,  and  the  storage  coefficient  tange.s  ttc)iii  ().l  to  more  than  0 . 
(RMACCPMT,  1983,  RlC«a 3326R01 ) . 

The  Denver  aquifer  Is  composed  primarily  of  lenses  of  weakly  cemented  to 
compacted,  fine-  to  medium-grained  sandstones.  These  lenticular  sandstones 
grade  laterally  and  vertically  into  relatively  Impermeable  silts  aiu! 
ciaystones-  Primary  ground  water  transport  takes  place  In  the  lenses  and 
paleochannels  where  flow  occurs  In  the  void  space.s  between  coarser 
materials.  Tliese  individual  sandstone  units  may  form  separate,  distinct, 
water-bearing  zones.  The  Denver  sands  arc  often  laminated,  so  horizontal 
flow  would  tend  to  be  much  greater  than  vertical  flow  (May,  1982, 
RIC#82295R01)- 

As  determined  from  slug  and  laboratory  tests,  the  hydraulic  conductivity  of 
the  Denver  sands  (tested  horizontally)  Is  approximately  10”^  to  10”'*  cm/sec 
compared  to  10"^  cm/sec  for  the  ciaystones  (May,  1982,  RIC/t82295R01 ) . 

The  RMA  ground  water  flow  paths  of  the  two  primary  aquifers  (alluvial  and 
Denver)  are  complicated  by  the  following  F.actors: 

o  Contrasts  In  permeability  betweer;  the  hurled  channels  and  adjacent 
less  permeable  alluvium: 

o  Contrasts  in  permoaht  I  I  ly  anifuig  and  between  the  Itenvei  Hand.si  one.s  , 
adjacent  ciaystones,  .".nd  overlying  alluvial  matortals:  and 
o  The  geometry  of  the  recharge  and  discharge  ;iroas. 
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Flow  within  <-hc  alluvial  aqullcr  generally  occurs  In  a  north  to 
northwesterly  direction  (Figure  l./i-3).  Deviations  Iroiii  the  general 
patterns  presented  In  Figure  l./i-3  may  occur  as  a  result  of  permeability 
changes  controlled  by  alluvial  sedlmentologlcal  conditions-  Deviations  are 
also  caused  by  recharge  In  some  areas  such  as  the  South  Plants,  where  a 
large  ground  water  mound  has  been  mapped- 

The  primary  source  of  recharge  to  the  alluvium  is  from  surface  water  and  the 
infiltration  of  precipitation,  that  occurs  eltlier  onpost  or  upgradleiit  of 
RMA-  Ground  water  In  the  alluvial  aquifer  flows  offsite  to  llic  north  and 
northwest  and  eventually  discharges  to  the  South  Platte  River. 

Ground  water  flow  within  the  Denver  Formation  also  occurs  In  a  generally 
north  to  northwesterly  direction.  The  confining  effect  of  the  claystones 
and  upgrarilent  offpost  recharge  of  the  Denver  aquifer  produces  artesian 
conditions  In  much  of  the  Denver  aquifer  underlying  RMA-  Recharge  to  the 
Denver  Formation  occurs  as  a  result  of  downward  flow  from  the  overlying 
Dawson  Arkose  aquifer  south  of  RMA,  precipitation  percolation  on  the  Denver 
Formation  outcrops  along  the  western  margin  of  the  Denver  basin,  and 
downward  flow  from  the  overlying  alluvial  aquifer  (Frtec,  1987. 

R1C.I83013R01)  • 

The  relative  complexity  of  the  ground  water  regime  In  the  area  la  due  to 
intricate  geologic,  stratigraphic,  and  topographic  relationships  between  and 
within  the  Denver  Formation  and  the  overlying  surficlal  Hr->oslts.  The 
alluvial  and  Denver  aquifers  are  locally  Isolated  from  each  other  by 
semlpermeable  confining  layers  that  restrict  flow  between  the  more  permeable 
Strata.  ;’low  between  the  more  permeable  strata  occurs  where  confining  beds 
are  absent,  creating  interconnections  between  aquifers-  Water  level 
measurements  from  Task  well  clusters  suggest  the  Denver  ^■ormatlon  eoriialiis 
several  distinct  and  laterally  dl.sconi  I  nuous  w.it  er-beat  I  ng  aot'e.s. 
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1  .  5  SURFACK  water  .IIYPROI-OCY 

The  surface  water  hydrology  (Figure  l-S-l)  at  RMA  Is  dominated  by  two  major 
drainage  basins.  Irondale  Gulch  and  First  Creek.  Portions  of  larger 
drainage  basins  or  smaller,  less  significant  basins  account  for  the 
remaining  drainage  on  RMA  and  Include  the  Sand  Creek  drainage.  Sand  Creek 
Lateral  drainage.  Northwest  drainage.  Basin  F.  Basin  A.  and  Second  Creek 
Basin. 

First  Creek  occupies  a  well-defined  channel  that  crosses  the  east  and  north 
boundaries  of  RMA.  Flow  within  First  Creek  Is  Intermittent,  occurring 
during  the  Spring  season  and  major  st!:>rn  events.  Several  tributaries 
contribute  flow  to  First  Creek  on  RMA.  Flow  components  Include  surface 
water  runoff,  effluent  from  the  Sewage  Treatment  Plant,  and  overflow 
drainage  from  the  North  Bog. 

Irondale  Gulch  Is  characterized  by  poorly  defined  channelization,  which  has 
produced  many  small  basins  that  are  connected  only  during  major  flood 
events.  The  Irondale  Gulch  drainage  area  is  much  smaller  than  that  of  First 
Creek  and  has  been  modified  by  construction  of  subdivisions,  the  Lower 
Lakes,  man-made  channels,  and  storm  drains.  Four  major  flow  routes  which 
occur  In  this  drainage  basin  are  the  Illghllne  Lateral.  Uvalda  Interceptor. 
Havana  Interceptor,  and  the  Lower  Lakes. 

The  Hlghllne  Lateral  Is  a  man-made  channel  that  delivers  water  to  RMA  from 
the  Hlj hllne  Canal.  Planned  diversions  from  the  Hlghllne  Canal  are 
controlled  by  man-made  structures.  Water  In  the  Lateral  flows  Into  Lower  or 
Upper  Derby  Lake. 

The  Uvalda  Interceptor  collects  storm  runoff  from  the  residential  area  south 
of  RMA  and  transports  It  to  Lower  or  Upper  Derby  Lake.  Thl.s  Is  a  well- 
defined.  unllned  channel  that  has  been  breached  during  ni.a  )or  l  lood  evenl.s- 


1-20 


WEST 

DRAINAGE 


SECOI^D  CREEK 

-^'“N^basin 


I  SAND  I 

;  CREEK  BA^N 

L"- _ I 


umn  \ 
omY- 


\HDORA 

- tAKt- - tOWTK - 

IRONDALE 

•  GULCH j  auN^ . 


(HAVANA 
INmcePTOi 


^HAVANA 

j\POND 

'^QPtA 

INTSRCEPTOli 


-<N> 


■DRAINAGE  BASIN  BOUNDARY 
•  LAKE  OR  POND 
•STREAM  /  DITCH 


1  MtLE 


Figure  1.6-1 

RMA  SURFACE  WATER  FEATURES 

SOURCE:  RCI.  1981 


Prepared  for: 

U.S.  Army  Program  Manager’s  Office 
For  Rocky  Mountain  Arsenal 
Aberdeen  Proving  Ground,  Maryland 


1-21 


<^-kma-‘)<4Jj/  If.  iu- 

03/08/88 


The  Hfivana  Interceptor  flow  constats  of  storm  and  nnisance  flows  from 
Stapleton*  a  large  Industrial  complex*  and  portions  of  the  Montbello 
residential  area.  A  large  surface  Impoundment*  the  Havana  Pond,  collects 
water  from  the  Havana  Interceptor*  thereby  providing  ground  water  recharge. 
Water  from  the  pond  can  also  be  released  through  an  unllned  ditch  running 
northeast  to  the  Sand  Creek  Lateral. 

The  final  major  flow  route  within  the  Irondale  Gulch  drainage  is  the  Lower 
Lakes.  The  Lower  Lakes  consist  of  four  man-made  lakes  and  one  pond.  Upper 
Derby  Lake  serves  as  an  overflow  catchment  in  case  of  flood*  while  Lower 
Derby  Lake  receives  the  local  storm  runoff  and  Is  In  direct  contact  with  the 
water  table.  Lake  Ladora  serves  as  a  cooling  water  source  for  the  RMA  power 
station  and  Is  also  In  direct  contact  with  the  water  table.  Ladora*  Upper 
Derby*  and  Lower  Derby  Lakes  are  both  recharge  and  discharge  areas.  During 
periods  of  high  flow  (March  through  August)*  ground  water  Is  replenished 
from  these  lakes.  During  periods  of  low  surface  flow  (September  through 
February)*  ground  water  Is  released  to  these  lakes.  Lake  Mary*  located  west 
of  Ladora  Lake*  Is  not  In  contact  with  the  water  table  and  Is*  therefore* 
primarily  a  recharge  area.  The  Rod  and  Gun  Club  Pond  was  created  during  a 
major  flood  and  acts  as  a  recharge  basin.  This  pond  Is  usually  dry  except 
during  major  flood  events  when  It  receives  overflow  from  the  Uvalda 
Interceptor  and  Lower  Derby  Lake- 

In  addition  to  the  First  Creek  and  Irondale  Gulch  drainage  basins*  many 
mlnoi  flow  paths  exist  on  RMA  (Figure  1.5-1).  Sand  Creek  drainage  occupies 
the  southwest  corner  of  RMA  and  Is  adjacent  to  Irondale  Gulch.  The  drainage 
exhibits  a  lack  of  channelization,  and  any  flow  occurring  during  periods  of 
extreme  rainfall  would  be  local  and  drain  overland  short  distances  to  one  of 
the  many  natural  depressions  found  In  the  basin. 

The  Northwest  drainage  lies  In  the  northwest  corner  of  RMA.  It  is  boiitidcd 
by  Irondale  Gulch  on  the  southwest*  Sand  Creek  Lateral  drainage  and  R.isln  F 
drainage  on  the  south*  and  First  Creek  IJasin  on  the  ea.st  .  l.ike  the  Snnd 
Creek  drainage*  the  Northwest  drainage  is  virtually  void  of  major 
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chnnnelizpH  flow  and  has  a  large  number  of  natural  depressions.  Surface 
water  flows  to  the  northwest,  and  the  flow  Is  localized  and  occurs  only 
after  extreme  rainfall  events- 

The  southern  portion  of  Basin  A  collects  runoff  from  a  large  portion  of  the 
South  Plants  area-  Runoff  from  the  South  Plants  area  may  be  transported  to 
Basin  A  waste  seepage/evaporative  pond  via  the  contaminated  waste  lines  or 
through  culverts  under  December  7th  Avenue-  The  natural  depression  was 
modified  by  adding  embankments  to  provide  greeter  storage  when  the  area  was 
being  used  for  waste  containment-  Because  Basin  A  no  lunger  receives 
contributions  from  waste  streams.  Its  storage  capacity  is  sufficient  to 
contain  much  of  the  Incident  local  precipitation-  Surface  water  overflow 
from  Basin  A  Is  possible  during  major  runoff  events  and  rapid  snowmelt- 

Sand  Creek  Lateral  drainage  Is  also  located  near  the  center  of  RMA  and 
occurs  to  the  west  of  the  Basin  A  drainage-  The  Sand  Creek  Lateral  drainage 
Is  slightly  larger  than  Basin  A  drainage  and  has  one  major  channel,  the  Sand 
Creek  Lateral.  This  channel  forms  the  north  and  west  boundaries  of  the 
drainage  and  Intercepts  flow  from  the  drainage  area-  Flow  is  to  the 
northwest  and  occurs  only  after  large  precipitation  events.  Near  the  north 
end  of  the  drainage.  Sand  Creek  Lateral  Is  blocked  Immediately  downstream  of 
a  diversion  structure  that  delivers  water  to  the  southern  portion  of  the 
Basin  F  drainage-  A  secondary  channel  In  the  Sand  Creek  Lateral  drainage 
originates  near  the  lime  settling  ponds  In  Basin  A-  This  secondary  channel 
flows  under  Sand  Creek  Lateral  at  the  point  where  the  two  cross  and  then 
flows  Into  the  Northwest  drainage-  The  Sand  Creek  Lateral  drainage  basin 
contains  Basin  B,  a  dry  reservoir  near  the  eastern  edge  of  Section  35-  The 
basin  may  have  been  used  as  a  caustic  waste  storage  basin  that  was  filled 
from  a  pipeline  from  the  South  Plants  area-  This  basin  has  no  definite 
outlet  and  is  normally  dry- 

The  Basin  F  drainage  occurs  just  north  of  the  Sand  Creek  Lnier.il  drainage 
and  Is  bounded  on  the  east  by  the  First  Creek  Basin  and  on  the  west  by  the 
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Northwest  drainage'  The  Bnsln  F  drainage  area  Includes  Basins  C,  D,  E, 
and  F.  It  Is  currently  assumed  that  ail  local  flow  generated  In  the  Basin  F 
drainage  as  a  result  of  precipitation  events  will  flow  to  the  nearest 
depression  (l-e'i  Basins  Ci  Di  Ei  and  F)*  A  ditch  connects  Basins  B  and  C 
and  is  the  only  other  source  of  inflow  into  the  basins  other  than 
precipitation.  This  ditch  discharges  Into  a  culvert  under  the  Sand  Creek 
Lateral-  Inflows  to  Basin  B  are  In  the  form  of  two  ditches  originating  from 
Basin  A-  As  mentioned  earlleri  it  Is  doubtful  that  any  flow  will  enter  the 
Basin  F  drainage  system  via  these  ditches* 

1 . 6  CQHlAMIUBtlX-SIIES 

The  primary  sites  that  may  be  contributing  to  ground  water  contamination  at 
RMA  are  the  South  Plants  area,  the  waste  storage  basins  (Basins  A.  B.  C.  D. 
E.  and  F).  the  chemical  sewer  system,  and  locations  within  the  rail 
classification  yard  (Figure  1.2-2).  These  sites  are  discussed  below. 

1.6.1  SOUTH  PLANTS 

Operations  at  the  South  Plants  area  began  in  19^2  with  the  manufacture  of 
chemical  munitions,  followed  by  (later)  production  of  pesticides  and 
herbicides.  Chemical  wastes  were  discharged  Into  the  lime  settling  ponds 
north  of  the  South  Plants  area  and  south  of  Basin  A  (Figure  1.2-2). 

Numerous  uncontrolled  discharges  of  contaminants  also  occurred  In  this  area. 
Including  a  major  benzene  spill  In  19A8.  pesticide  spills,  leakage  of 
contaminants  from  the  area  sewer  system,  and  Infiltration  of  wastes  from 
building  basements  and  sumps- 

1.6.2  BASIN  A 

Basin  A  received  waste  and  byproducts  from  most  of  the  Industrial  processes 
conducted  at  RMA-  The  basin  was  the  primary  receptor  of  liquid  waste  until 
1956-  Aerial  photographs  Indicate  that  fluids  were  present  In  the  basin 
through  1958.  Photographs  also  Indicate  that  the  basin  was  used  lot  trench 
disposal  of  wastes  from  1958  to  1975  (RMACCPMT.  198^.  RIC«8't()3'iR01 ) - 
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1.6.3  BASIN  F 

Basin  F  was  constructed  In  1956  In  response  to  the  need  for  expanded  waste 
storage-  The  93-acre  basin  was  constructed  with  an  asphalt-lined  bottom 
protected  with  a  12-lnch-thlck  layer  of  sand  to  restrict  contaminant 
migration.  Numerous  processes  have  affected  the  containment  performance  of 
the  Basin  F  system,  and  these  Include: 

o  Wave  action  along  the  shoreline i 

o  Rips  or  cracks  In  the  asphalt  liner; 

o  Cyclic  exposure  of  the  liner  to  liquid  wastes,  sunlight,  and 
weather  conditions;  and 

o  Incompatibility  of  some  of  the  wastes  and  the  asphalt  liner- 

These  problems  have  resulted  in  waste  discharges  to  the  underlying  ground 
water  system. 

1.6./I  BASINS  C,  D,  AND  E 

Basin  C  Is  an  unllned  evaporation  pond  that  received  discharge  from  the 
North  (GB)  Plant,  but  also  held  large  volumes  of  fresh  water  from  the  Sand 
Creek  Lateral.  In  addition,  approximately  100  million  gallons  of  liquid 
wastes  were  pumped  Into  Basin  C  from  Basin  F  during  repcilr  of  the  Basin  F 
liner  In  1957.  Basins  D  and  E  are  also  unllned  and  were  used  to  hold 
overflow  from  Basin  A  prior  to  construction  of  Basin  F- 

Potential  ground  water  contaminant  sources  upgradlent  of  these  basins  may 
mask  ground  water  contaminant  contribution  from  Basins  C,  D,  and  E-  All 
basins  have  contained  similar  chemical  compounds  derived  from  the  South 
Plants  and  GB  Plant  manufacturing  areas - 

1.6. 5  CHEMICAL  SEWER  SYSTEM 

Contaminants  may  be  Introduced  to  the  ground  water  sy.sicm  via  the  RMA 
chemical  sewer  system.  Several  sections  of  the  system  .ir"  belciw  the  water 
table,  and  numerous  breaks  and  leaks  reportedly  occurred  when  the  lines  were 
still  used  for  contaminant  transport  (Siollar  and  van  der  Leeden.  I'lfll, 
RIC#81293R05 ) .  Major  leaks  from  the  sewers  may  have  occurred  in  Basin  A, 
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Ba/Jin  A  "neck",  the  South  PKints  .nre.i.  .nnd  Basin  F  area.s.  Even  nfter 
contaminant  transport  was  discontinued)  the  sewer  system  may  stiii  have  aiso 
contributed  to  overall  ground  water  contamir.at ion  by  acting  as  a  conduit  for 
contaminated  water. 

1.6.6  RAIL  CLASSIFICATION  YARD 

The  rail  classification  yard  was  identified  as  a  potential  site  of  solvent 
and  pesticide  contamination  in  1980  when  these  contaminants  were  detectod  in 
the  water  supply  wells  for  the  Irondale  community.  The  pesticide 
contamination  resulted  from  a  suspected  DBCP  spill  within  the  rail 
classification  yard.  Ground  water  contamination  from  thlu  suspected  spill 
is  currently  being  mitigated  by  tlie  Irondale  Containment  System  (ICS). 

Other  smaller  spills  may  have  occurred  in  this  area)  but  are  not  considered 
significant.  These  smaller  spills  may  have  occurred  In  the  railyard  and 
surrounding  area,  while  other  potential  sites  may  occur  off post  to  the  south 
and  west.  This  area  is  being  Investigated  under  Task  38. 

1 . 7  UAX££-QUAl.ll)(-tdQUlIQEING-£EQC£AUS 

1.7.1  GROUND  WATER  QUALITY 

A  significant  effort  has  been  devoted  to  monitoring  RMA  ground  water  quality 
over  the  last  10  years.  Ground  water  quality  monitoring  efforts  have 
Included  both  regional  and  site-specific  investigations.  Prior  to  1985. 
regional  monitoring  was  conducted  under  the  RMA  360*^  Monitoring  Program  and 
site-specific  investigations  were  conducted  in  and  around  the  Boundary 
Containment  Systems.  Since  1985.  regional  monitoring  programs  have  Included 
Tasks  A  and  AA.  and  site-specific  investigations  have  included  Tasks  25i  26. 
36.  38,  and  39. 

Approximately  2,000  wells  have  been  installed  at  RMA  over  the  past  30  ye.irs! 
however,  the  majority  of  these  wells  h.ive  not  been  s.'unpled  on  a  routine 
basis-  Many  of  the  wells  that  were  not  s.nmpicd  rout  Indy  h.nve  been  ftjut.d  to 
be  dry,  destroyed,  or  obstructed,  or  poorly  documenteii  with  respect  to 
construction  and  completion- 
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Grotind  wnfer  qtinllty  dnt.n  hns  hppn  compiled  In  the  UOATHAMA  data  hnse  and 
utilized  to  generate  contaminant  contour  maps  for  the  shallow  ground  water 
system.  The  data  used  to  construct  these  maps  are  primarily  from  alluvial 
wells • 

Figure  1.7-1  depicts  generalized  dlstrlrutlon  of  alluvial  ground  water 
contamination-  The  figure  also  Illustrates  the  extent  of  composite 
contamination  related  to  organochlor Ine  compounds,  DIMP,  volatile 
halocarbons,  and  DBCP-  Contaminant  distribution  patterns  presented  In 
Figure  1.7-1  reflect  ground  water  flow  (Figure  l.A-3).  The  general 
northwesterly  trend  of  ground  water  flow  Is  split  Into  northern  and 
northwestern  components,  and  may  be  affected  by  the  bedrock  (Denver 
Formation)  high  In  the  western  portion  of  Section  23  on  RMA  (Figure  1.3-2). 
Ground  water  contaminants  originating  from  the  South  Plants  Area  and  Basin  A 
may  travel  to  the  north  or  northwestern  boundaries,  and  contaminants  from 
Basin  F  are  primarily  migrating  toward  the  RMA  north  boundary. 

Several  ground  water  monitoring  programs  have  been  conducted  and  remain  In 
operation  at  RMA  to  accomplish  a  variety  of  objectives.  These  Include 
regional  programs  such  as  the  360®  Monitoring  Program,  and  successor 
programs  such  as  Task  A  and  Task  AA.  Other  programs  addressing  site 
specific  problems  have  Included  the  Basin  F  Monitoring  Program,  the  North 
Boundary  Containment  System  (NBCS)  Program,  the  Northwest  Boundary 
Containment  System  (NWBCS)  Program,  and  the  ICS  Program  performed  by  SCC. 

The  NWBCS  and  NBCS  are  now  being  monitored  Jointly  under  Task  25  (Figure 
1.2-3).  The  Basin  F  Monitoring  Program  has  been  Included  within  the  scope 
of  Task  AA.  A  brief  summary  of  the  historical  ground  water  monitoring 
programs  Is  presented  below. 

1 . 7 . 1 . 1  36Q2-Ccaund_Uatei:_MQOiloriog-lZrQgi:am 

The  Cease  and  Desist  Order  (1975)  Issued  by  the  St.nte  of  Cnior.'ido  required  a 
regional  surveillance  program  that  monitors  both  ground  water  and  surface 
water  hydrology  and  water  quality.  Thl.s  monitoring  program,  referred  to  .ns 
the  360°  Monitoring  Program,  was  Initiated  In  1975.  Objectives  of  the 
program  are  to  satisfy  the  requirements  of  the  Cease  and  Desist  Order  and  to 
provide  a  basic  program  for  RMA  surveillance. 
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The  Inifinl  380'^  Mnnirorlng  Pm^rfim  ronsIsfeH  nf  153  wells  and  .siirTnce  w.^^^r 
slte.s.  The  program  has  been  modified  periodically  since  1975,  as  the  number 
and  specific  location  of  wells  sampled  has  since  been  altered  because 
selected  wells  have  been  abandoned  and  new  ground  water  monitoring  wells 
have  been  Installed.  In  1976,  the  360®  Monitoring  Program 
(Revision  II)  collected  samples  from  approximately  55  ground  water  wells, 
including  many  wells  located  north  and  northwest  of  the  RMA  boundary. 

Twelve  surface  water  samples  were  collected  and  analyzed  in  the  1976 
sampling  effort.  Water  samples  from  monitoring  wells  were  analyzed  on  a 
quarterly  basis  for  DIMP,  DCPD,  DBCP,  chloride  (Cl),  fluoride  (F)>  magnesium 
(Mg),  calcium  (Ca),  potassium  (K),  sodium  (Na),  nitrate,  sulfate, 
alkalinity,  specific  conductivity,  and  pH. 

In  1985,  Revision  III  of  the  360®  Program  was  Implemented  and  consisted  of 
/i3  offpost  wells  and  9  surface  water  sampling  sites.  The  360°  Program  also 
collected  water  level  data  from  ^90  monitoring  wells  on  a  quarterly  basis  In 
1985,  The  onpost  portion  of  the  360°  Program  was  replaced  by  the  Task 
Monitoring  Program.  Task  6^  has  Incorporated  the  A3  offpost  well.s  from  the 
Revision  III  -  360°  Program  and  many  of  the  Task  A  wells- 

1 . 7 . 1 . 2  llaundacy-CQuiainiD&al._UaDii.Qi:ing..£CQgi:aii]s 

As  a  result  of  offpost  contaminant  detection,  three  boundary  containment 
systems  were  Installed  and  are  currently  operating  at  RMA  to  control  offpost 
discharge  of  ground  water  pollutants.  These  systems  include  the  NWBCS,  the 
NBCS,  and  the  ICS-  Ground  water  monitoring  programs  were  developed  to 
evaluate  both  the  hydraulic  and  hydrochemical  performance  of  the  three 
boundary  systems. 

NQi:lb-fiauadai:y.-CQDlainD]ent_SysteiD 

The  NBCS  has  been  In  operation  for  several  year.s  and  includes  a  f)hy;,’ I  c.i  1 
barrier  (slurry  wall),  ground  water  extraction  wells,  and  rech.irge  wells- 
Extraction  wells  are  located  upgradlent  of  the  slurry  wall  to  Intetcepi 
contaminated  ground  water-  Extracted  ground  water  Is  treated  by  carbon 
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ndsorptlnn  and  the  treated  water  1.^  recharged  to  rtie  rallnvlnm  via  gronnd 
water  recharge  wells  and  a  recharge  lagoon  on  the  downgradleni  side  of  the 
slurry  wall. 

Historically  I  the  NBCS  Monitoring  Program  includes  sampling  of  80  onpost  and 
offpost  wells  In  the  alluvial  and  Denver  aquifers.  Samples  from  these  wells 
were  collected  on  a  quarterly  basis,  but  were  collected  more  frequently  if 
problems  with  the  system  arose  or  If  operational  parameters  were  changed. 

All  water  samples  collected  from  the  monitoring  network  were  analyzed  for 
DIMPi  DCPD,  DBCP.  ondrln,  dleldrln,  Isodrln,  aldrln,  oxathlane.  dUhlane, 
p-chlorophenylmethyl  sulfide  (CPMS).  p-chlorophenylmethy 1  sulfoxide  (CPMSO) . 
p-chlorophenylmethyl  sulfone  (CPMS02).  chloride,  and  fluoride.  Monitoring 
of  the  treatment  plant  at  the  NBCS  Is  currently  Incorporated  within 
Tasks  25  atid  36. 

NQcthuest-BQuudai:y-CQUtaiuui£B.t.-Sysl.iiiiii 

The  NWBG.5  has  been  In  operation  for  approximately  3  years.  This  containment 
system  consists  of  both  a  physical  barrier  (slurry  wall)  for  a  port  ion  of 
the  length  of  the  system  and  a  hydrologic  barrier.  Ground  water  extraction 
wells  collect  contaminated  ground  water  that  Is  treated  by  carbon  adsorption 
prior  to  recharge  downgradlent  of  the  slurry  wall. 

This  system  has  historically  been  monitored  by  k5  onpost  and  offpost 
monitoring  wells  sampled  on  at  least  a  quarterly  basis.  Water  samples 
collected  from  these  wells  were  analyzed  for  DIMP.  DBCP.  endrln,  dleldrln. 
Isodrln,  aldrln,  chloride,  and  fluoride.  The  NWBCS  monitoring  program  Is 
currently  Incorporated  within  Task  25  efforts. 

IcQudaie-fiQundary.CQntainmeot-System 

The  ICS  was  constructed  In  1981  and  Is  operated  by  SCC .  which  ;mpct  v  I  .se.s 
collection  and  analysis  of  the  water  s.amples  a.ssorl.nied  with  operation  ol 
the  system.  This  hydrologic  control  system  Is  located  at  the  southwest 
corner  of  the  northwest  RMA  boundary  (Figure  12-2)  and  consl.sis  rjl  two  rows 
of  ground  water  dewatering  wells  and  a  single  row  of  recharge  wells 
downgradlent  of  the  extraction  wells.  Ground  water  beneath  the  ICS  Is 
extracted,  treated,  and  recharged. 
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Tn  .irlHlt:!on  to  the  nbove  progrnni.<5i  n  niimln.  r  of  other  groiniH  wntur  related 
programs  have  been  conducted  in  the  past-  These  programs  Include  the  North 
Boundary  study,  Pilot  Containment  System.  Northwest  Quadrant,  and  Neniagon 
Sampling  Programs,  which  were  all  precursors  to  the  various  boundary 
containment  monitoring  programs.  The  Basin  A  Neck  program  was  also 
conducted  to  examine  the  feasibility  of  installing  a  barrier  system  In  this 
area-  In  addition,  several  discrete  investigations  of  the  ground  water 
quality  at  RMA  were  conducted  during  a  short  period  of  time.  These  programs 
were  conducted  by  II. S.  Army  Waterways  Experimental  Station  (WES)  or  SCC- 
Other  water  quality  Investigations  were  conducted  by  the  RMA  Environmental 
Division  (RMA-ED)  under  the  Basin  F  Study.  Region.al  Sampling,  or  Source 
Identification  Programs. 

These  ancillary  programs  are  not  currently  In  operation.  Since  these 
programs  are  not  necessary  under  regulatory  requirements,  they  will  not  be 
incorporated  into  the  Task  kk  sampling  effort.  Infociitai  Ion  generated  by 
these  previous  programs  will  be  utilized  for  the  well  selection  proceduics 
discussed  In  Section  3.0  of  this  Technical  Plan. 

1.7.2  SURFACE  WATER  QUALITY 

Limited  information  is  available  on  surface  water  contamination  at  RMA. 
Preliminary  analysis  of  water  within  First  Creek  indicated  the  presence  of 
diethyl  and  dlbutyl  phthalates  and  cyclohexanone  (RMACCPMT,  1983, 
R1C#83326R01) .  Chloroform,  dleldrln,  DBCP,  and  DIMP  have  also  been  detected 
(USATHAMA  Edgewood  Scientific  Computer  Center  data  base)  In  the  First  Creek 
samples.  When  flowing,  the  water  In  First  Creek  dlspl.nys  a  slight  but 
constant  loss  of  volume  towards  the  north.  There  appears  to  be  interaction 
between  water  In  First  Creek  and  ground  water,  with  ground  water  discharging 
to  the  creek  south  of  RMA  and  First  Cieek  surface  water  recharging  ground 
water  near  the  north  RMA  boundary. 

The  offpost  storm  drainages  (Hlghllne  Lateral,  Uvald;i  atid  Il.iv.ina 
Interceptors)  are  considered  free  of  RMA  rel.iled  foniamlnanlf;  (RMACCPMT. 
1983,  RIC#83326R01 )  within  the  Ironduie  Gulch  drainage  basin,  although  DBCP 
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and  D.fMP  have  been  detected  In  these  areas  in  the  past  (USATHAMA  Edgewood 
Scientific  Computer  Center  data  base)*  Two  of  the  Lower  Lakes  have  been 
sampled  regularly  for  the  past  5  years*  Water  from  the  lakes  is  free  of 
detectable  contanilnat ion ■  but  dleldrln  and  mercury  are  present  In  lake 
sediments  * 

The  Basin  A  dltchi  a  minor  flow  route  conveying  storm  runoff  from  the  South 
Plants  area  to  Basin  A,  contains  significant  amounts  of  ceveral  contaminants 
including:  chloroform)  trichloroethylene)  tetrachloroethylene )  toluene) 
xylene)  ketones )  and  benzene*  These  compounds  are  probably  derived  from 
past  spills  on  surface  soils  (RMACCPMT)  1983)  RIC#83326R01)* 

1  *  7  *  2  *  1  3£iQ2_Uauiiariag_£rQ£ram 

Surface  water  monitoring  at  RMA  has  been  performed  as  part  of  the  360® 
Monitoring  Program.  Water  samples  were  collected  from  30  onpost  and 
4  offpost  sites  on  a  quarterly  basts-  Camples  were  .analyzed  for  DIMP)  DCPD, 
DBCP)  Cl)  F)  Ca !  K)  Mg)  Na )  nitrate)  sulfatC)  hardnesS)  alkalinity) 
conductivity)  and  pH*  Sampling  points  Included  various  surface  water 
features  such  as  streams)  ditches,  lakes,  and  ponds* 

In  addition  to  collection  of  water  quality  data,  an  Integral  part  of  the 
360°  Program  included  collection  and  compilation  of  water  quantity  data¬ 
flow  and  water  level  data  were  collected  onpost  weekly  at  11  gaging  stations 
and  3  lake  sites*  Additional  measurements  were  recorded  at  two  flow  meters* 
Information  was  presented  in  monthly  RMA  Surface  Water  Balance  Summaries* 

1  ■  8  SUtlMARX_QE_IECHCllCAL_A£EBQACa 

The  purpose  of  this  task  is  to  perform  a  hydrologic  assessment  for  the  RMA 
onpost  and  offpost  areas*  This  assessment  includes  development  of  a 
baseline  program  for  hydrologic  and  contamination  surveillance*  Network 
design  Is  followed  by  collection  of  surface  water  .ind  ground  water  satiifiles* 
measurement  of  hydrologic  parameters,  and  chemical  analysis  of  water 
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samples-  These  data  wixi.  t.e  evaluated  to  document  the  extent  of 
contamination,  the  hydrologic  and  geologic  conditions  of  the  site,  areas  of 
public  health  exposure,  potential  contaminant  migration  pathways,  and  areas 
where  additional  data  are  required- 

1-8-1  SCOPE-OF-WORK 

The  scope  of  the  Task  AA  water  quallty/quantlty  survey  Includes  execution  of 
a  semiannual  and/or  quarterly  ground  water  and  surface  water  monitoring 
program  capable  of  satisfying  the  various  regulatory  requirements, 
developing  1 1't  Igat  lon-qual  Ity  data  to  be  added  to  the  current  data  base,  and 
assessing  the  extent  and  nature  of  contamination-  In  order  to  achieve  these 
objectives,  work  in  six  distinct  technical  areas  Is  anticipated-  These 
areas  are  as  follows: 

o  Review  of  historical  data; 

o  Develop  a  monitoring  program  to  achieve  the  objectives  In 
Section  1.2( 

o  Execute  the  monitoring  program  utilizing  lltlgatlon-quallty 
sampling  and  analytical  procedures: 
o  Assess  data  after  the  first  sampling  event  for  possible 
adjustments  In  the  sampling  and/or  analytical  scheme; 
o  Compile  and  Interpret  the  accumulated  data  at  the  end  of  the 
sampling  program;  and 

o  Coordinate  with  and  Integrate  data  from  other  current  ground  water 
tasks  such  as  Tasks  25,  26,  36,  38,  and  39. 

During  review  of  the  historical  data,  a  large  number  of  well:  were  evaluated 
with  respect  to  construction  detail,  sampling  history,  and  location. 

Criteria  for  evaluating  these  wells  are  described  In  Sections  3-1-1  through 
3-1.2. 

The  following  work  was  conducted  to  help  design  ihe  Task  AA  monliorlng 
network.  As  previously  discussed,  this  network  will  include  wells  from  the 
360°  Monitoring  Program,  Basin  F,  and  offpo.st  sampling  prograni.s-  Borehole 
logs  and  geologic  cross  sections  were  examined  to  establish  a 
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prellmlnnry  ovn  1  tint  1  on  of  sn^fnirf.npe  ppolngy.  Wnter-level  dnin  from  the 
Task,  A  program  were  examined  to  establish  directions  of  ground  water  flow 
within  the  alluvium  and  to  aid  In  the  correlation  of  permeable  units  within 
the  Denver  Formation.  Water-quality  Information  from  Task  4  and)  as 
appropriate)  from  the  historical  data  base  were  examined  to  formulate  an 
assessment  of  the  distribution  of  contaminants  within  the  RMA  ground  water 
system-  These  contaminant  distribution  assessments  will  be  modified  as 
additional  Information  Is  obtained  and  Interpreted-  A  preliminary 
assessment  of  hydrogeologlc  conditions  was  used  to  design  the  proposed 
Task  well  network-  A  detailed  review  of  well  selection  methodology  Is 
discussed  In  Section  3-1-1. 

All  ground  water  monitoring  wells  and  surface  water  sampling  sites  will  be 
sampled  using  uniform  sampling  methods-  Ground  water  and  surface  v'ater 
samples  will  be  analyzed  for  a  predetermined  list  of  analytes  Including 
numerous  organic  and  Inorganic  parameters  (Table  1-8-1).  Sample  collection) 
measurement  of  field  parameters)  and  analysis  of  samples  will  be  performed 
In  accordance  with  USATHAMA  Quality  Assurance/Quallty  Control  (QA/QC) 
procedures  (USATHAMA)  1982)  RIC#870ii6R03) ■  These  procedures  Include 
collection  of  field  quality  control  samples  and  decontamination  of  nil 
sampling  equipment.  Collection  procedures  are  presented  In  Section  3-2  of 
this  Techr.lcal  Plan- 
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Table  1-8-1:  Target  Analytes  -  Task 


QcgaDQchlQCine-Eesliciidea 

Aldrln 

Endrln 

Dteldrln 

Isodrin 

Hexachlorocyclopentadlene  (CL6CP) 

PPDDE 

PPDDT 

XQlatile-QcganDhalQgBQa 

Chlorobenzene  (CLC6,H5) 

Chloroform  (CHCL3) 

Carbon  Tetrachloride  (CCLA) 
trans-1 i2-Dlchloroethylene  (T12DCE) 
Trichloroethylene  (TRCLE) 

111  Dlchloroethylene  (llDCE) 

111  Dichloroethane  (IIDCLE) 

112  Dichloroethane  (12DCLE) 

11111  Trlchloroethane  (lllTCE) 

11112  Trlchloroethane  (112TCE) 
Methylene  Chloride  (CH2CL2) 
Totrachloroethylene  (TCLEE) 

Ocganoaulluc-CompauDds 

P-Chlorophenylniethylaulfone  (CPMS02^ 
P-Chlorophenylmethylsulfoxlde  (CPMSO) 
P-Chlorophenylmet hylsulf ide  (CPMS ) 

1 > A-Dlthiane 
Oxathiane 

Dimethyldisulf ide  (DMDS) 

JCalatile^AcaBatics 

Toluene 
Benzene 
Xylene  (m-) 

Ethylbenzene 
Xylene  (o-ip-) 

fiCEDZMlBX 

Dicyclopentadlene 
Methyllsobutyl  Ketone 


Source:  ESEi  1967 
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I 

DIMEZDMME 

Dllsopropylmethylphosphonate 
Dimethylmet hylphosphonate 

QBCE 

Dibromochloropropane 

Melala 

Mercury 

Arsenic 

Cadmium 

Chromium 

Copper 

Lead 

2inc 

MaiQC^CatiQoa 

Potassium 

Calcium 

Magnesium 

Sodium 

Majoc-Aaiona 

Chloride 

Fluoride 

Sulfate 

NltratetNitrlte 
Alkalinity  (as  CaC03^ 
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2.0  EVAUtATTON  OF  BACKGROUND  DATA 


2 . 1  DAIA-CQUEILAIIQH 

A  considerable  effort  has  been  made  to  compile  and  review  regional  and  site- 
specific  background  information  on  RMA  surface  water  and  ground  water 
hydrochemistry  prior  to  preparation  of  this  Technical  Plan.  This  effort 
Included  tabulating  and  reviewing  data  obtained  during  previous  RMA  field 
investigations!  as  well  as  completing  detailed  literature  reviews. 

Historical  analyte  concentrations  were  obtained  from  the  USATHAMA  data  base 
which  contains  chemical  data  for  RMA  wells  sampled  between  1975  and  early 

1986)  Including  some  data  obtained  during  Task  U  and  other  recent  RMA  ground 
water  monitoring  programs-  All  Information  In  this  data  base  has  passed 
through  USATHAMA  QA/QC  data  acceptance  routines.  Information  Including  well 
construction  records i  past  sampling  procedures)  and  additional  analytical 
data  obtained  from  RMA  files  and  the  RMA  data  base  were  also  reviewed  during 
the  compilation  effort.  Although  the  efforts  completed  to  date  have  been 
significant)  data  compilation  and  review  will  continue  as  an  ongoing  process 
as  additional  field  data  Is  collected  and  Incorporated  In  RMA  data  files  and 
the  USATHAMA  data  base- 

2.1.1  SITE  RECONNAISSANCE/MEETINGS 

Internal  contractor  meetings  for  Task  4A  were  held  In  Denver  on  February  25. 

1987)  and  March  16.  1987.  The  purpose  of  these  meetings  was  to  allow  the 
project  team  to  discuss  the  scope  of  work  and  project  objectives  and  to 
begin  assembling  data-  Following  the  contract  award  on  March  19,  1987,  a 
meeting  was  held  with  Program  Manager's  Office  (PMO-RMA)  personnel  to 
clarify  Task  AA  objectives  and  scope  of  work- 

As  a  result  of  previous  task  orders,  the  project  team  was  familiar  with  key 
RMA  personnel  and  operational  procedures!  therefore,  meetings  with  I’MO-RMA 
personnel  were  devoted  primarily  to  discussion  of  details  and  schedules. 
Because  of  the  project  team's  familiarity  with  RMA.  site  reconna Iss.ince  was 
deemed  unnecessary  for  Task  This  activity  was  performed  during  and 
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prior  to  Task  /i  i  when  site  rpmonal  nsnore  was  iitlltzeH  to  verify  the 
existence  and  location  of  wells  prior  to  sampling  activities-  A 
reconnaissance  of  surface  water  monitoring  structures  was  performed  on 
June  23 1  1985 ■  to  determine  the  efforts  required  to  recondition  and  repair 
existing  monitoring  facilities  and  structures. 
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3.0  CEOTECHMICAL  PROGRAM 


The  Task  geotechnical  program  will  provide  high  quality  data  to 
supplement  the  current  litigation  quality  database-  As  designed]  the 
program  will  conduct  the  necessary  activities  to  acquire  this  data  so  that 
task  objectives  can  be  achieved  as  defined  in  Section  1.0-  The  geotechnical 
program  Is  designed  to  be  dynamlci  and  may  be  modified  In  response  to 
program  objective  changes. 

3 . 1  G&QUUfl-UAIIE-MOtlllQ&IllG-B&QGEAM 

Task  AA  ground  water  monitoring  activities  include  measurement  of  water 
levels  and  collection  of  water  samples  for  water  quality  analyses.  The  Task 
AA  geotechnical  program  design  follows  the  technical  elements  established  in 
the  Task  A  program. 

3-1.1  NETWORK  DESIGN 

Existing  Information  on  monitoring  well  constructloni  sampling  hlstoryt  well 
locations  relative  to  contaminant  distribution)  regulatory  compliance)  and 
previous  Task  A  well  evaluations  were  used  to  evaluate  a  well  and  determine 
If  it  was  suitable  for  inclusion  In  the  Task  AA  monitoring  network. 

This  existing  Information  was  used  to: 

o  Identify  wells  with  construction  suitable  for  water  quality 
sampling  and  wells  suitable  for  water  level  measurements t 
o  Identify  wells  that  cannot  be  sampled  because  they  are  dry  or  have 
obstruct  Ions  I  broken  casing)  etc-; 
o  Identify  wells  with  documented  sampling  histories) 
o  Identify  wells  with  optimum  locations  relative  to  contaminant 
concentrations)  locations  of  well  clusters)  and  wells  in  areas 
with  possible  uncontamlnated  ground  water:  and 
o  Identify  wells  that  were  or  are  being  used  in  compatible  RMA 

ground  water  monitoring  programs)  such  as  Tasks  A.  25.  38.  etc- 
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All  onpopt  well.s  with  siifflrlent  hlstorlcnl  Inforinacton  were  .pnbjerted  to  an 
Initial  construction  evaluation  under  Task  /i  •  A  second  construction 
evaluation  was  conducted  under  Task  AA  and  modified  the  Task  A  list-  Wells 
passing  the  Task  AA  construction  evaluation  were  then  subjected  to  sampling 
history  and  location  (relative  to  contaminant  distribution,  etc.) 
evaluations.  Results  of  these  evaluations  were  integrated  to  determine 
suitability  for  Inclusion  in  the  Task  AA  network.  A  flow  chart  describing 
the  Task  A A  well  selection  process  is  shown  in  Figure  3*1-1> 

The  purpose  of  this  rigorous  evaluation  process  is  to  produce  the  most 
accurate  litigation  quality  data  so  thac  Task  AA  objectives  will  be 
achieved,  Wells  selected  for  inclusion  in  the  Task  AA  network  basically 
Include  wells  from  Tasks  A,  25,  end  38  programs.  Wells  are  also  included 
that  address  data  deficiencies,  and  reflect  relevant  SCC,  Colorado 
Department  of  Health  (CDH),  and  Environme-.ital  Protection  Agency  (EPA) 
comments'.  Offpost  wells  Included  in  the  Task  AA  network  were  selected  from 
the  Revision  III  -  360°  Monitoring  Program  and  included  new  monitoring  wells 
installed  under  offpost  Task  6  (under  Contract  No.  DAAKll-8 j-D-0007) . 

The  following  sections  detail  the  well  selection  process-  Sections  discuss 
well  construction  evaluation,  sampling,  history  evaluation,  and  location 
evaluation . 

3 ■ 1 ■ 1 . 1  Ueli-CaDstcuctiQn_£ualuatiQD 

Well  construction  evaluations  were  completed  under  Task  A,  and  the  results 
of  these  evaluations  were  used  in  Task  AA  efforts-  Summary  information  for 
over  1,500  wells  occurs  in  the  RMA  Observation  Well  Summary  Report  (Obsweil 
Report)  (D-P.  Associater,  1985,  RIC#85183R01 ) ,  and  this  information  was  used 
in  initial  phases  of  Task  A  evaluations-  Approximately  one-third  of  these 
wells  were  not  evaluated  with  respect  to  construction  becnu.se  the  Obsweil 
Report  contained  insufficient  borehole  .nnd  well  completion  1  tiform.'it  Ion  -  or 
the  well  had  been  abandoned-  The  number  of  wells  f.TlilTig  Into  these 
categories  are  listed  below; 


3-2 


C'KMA-'<'iU/  lF.  30. (| 

03/08/fl8 


Wells  with  1  nsiifflrtent  d.Tta  -  iti^2 
Abandoned  wells  •  96 
Balance  of  wells  evaluated  -  Ij.Q22 
TOTAL  1,568 


Construction  records  of  the  1,029  remaining  wells  were  evaluated  In  detail 
to  determine  the  following: 

o  Drilling  and  completion  procedures; 

o  Location  and  collar  elevation  accuracy; 

o  Casing  cap  and  locking  cap  details; 
o  Surface  seal  type  and  Interval: 

o  Blank  interval  backfill  material; 

o  Scrjpn  type  and  length; 

o  Aqulfer(s)  within  the  screen  Interval; 

o  Relation  of  the  screen  Interval  to  water  levels; 

o  Relation  of  the  screen  Interval  to  aquifer  thickness; 

o  Sand  pack  type  and  inter/al; 

o  Type  and  thickness  of  seal  above  sand  pack; 
o  Relation  of  seal  to  aquifer  limits; 
o  End  plug  and  silt-trap  detail;  and 
o  Documentation  of  construction  data. 

Information  was  obtained  from  the  USATHAMA  and  RWA  databases  and  from  boring 
and  well  completion  logs  on  file  at  the  RMA-ED.  To  expedite  this  evaluation 
and  provide  consistent  results,  a  standardized  evaluation  sheet  was 
completed  for  each  well  (Table.  3.1--1).  These  rheets  were  used  for 
comparative  purposes  only  and  were  not  Intended  for  use  In  rating  well 
constructions  or  In  eliminating  Individual  wells. 

Task  A  construction  evaluation  criteria  placed  the  1.029  ground  w.itor 
monitoring  wells  Into  four  groups  with  numerical  designations  as  follow.-;: 

(1)  unacceptable,  (2)  questionable.  (3)  pote;>tlally  acceptable,  and  (9) 
acceptable.  These  categories  are  based  on  construction  quality  atid  the 
degree  of  well  construction  documentation.  Because  they  were  assigned 
largely  on  the  presence  or  absence  of  supporting  docunwntatlon,  the  rankings 
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nri?  not  InlonHed  to  Imply  that  a  "qiieat  l.nnable"  well  designation  Is  a  well 
with  questionable  construction  or  chemistry-  Instead)  Insufficient  data 
were  found  to  merit  a  higher  ranking- 

Results  of  the  Task  A  construction  evaluation  are  summarised  below: 


Wells  of  acceptable  (Rank  ■  /i)  construction  -  189 

Wells  of  potentially  acceptable  (Rank  *  3)  construction  •  175 

Wells  of  questionable  (Rank  >2)  construction  -  /i8/< 

Wells  of  unacceptable  (Rank  ■  1)  construction  «  _iai 

TOTAL  1,029 


This  Task  A  ranking  was  used  as  the  basis  for  Task  AA  well  construction 
evaluations-  Wells  were  reclassified  during  design  of  the  Task  AA  network 
If  additional  construction  information  was  found)  and  newly  constructed 
wells  were  also  added  to  the  ranking-  Results  of  this 
Task  AA  re-evaluatlon  are  summarized  below  and  In  Tables  3-1-2  through 


3-1-5! 

Wells  of  acceptable  construction  (Rank  -  A)  ■  193 

Wells  of  potentially  acceptable  construction  (Rank  -3)  ■  175 

Wells  of  questionable  construction  (Rank  -  2)  ■  ABA 

Weils  of  unacceptable  construction  (Rank  -  1)  ■  ,^181 

TOTAL  1,033 


3  - 1  ■  1  -  2  &ampliog.Uialat:y_£i:aluatiQn 

A  sampling  history  evaluation  was  conducted  under  Task  A  for  wells  ranked 
acceptable  and  potentially  acceptable,  and  for  selected  questionably  ranked 
wells  In  the  360°  Monitoring  and  Basin  F  programs-  The  results  of  this 
initial  evaluation  were  updated  with  Task  A  water  quality  data  In  Task  AA 
efforts- 

The  purpose  of  these  evaluations  was  to  Identify  moti  1  lor  I ng  wells  that 
exhibited : 

o  Long-term  sampling  hlstorlesi 

o  Elevated  contaminant  concentrations! 

o  Consistent  contaminant  concentrations; 
o  Trends  In  contaminant  concentrations;  and 

o  Erratic  or  anomalous  chemistry. 
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1 

) 


Table  3.1-2.  Ground  Water  Wells  of  Acceptable  Construction  (Rank  -  /i) 
(Page  1  of  2) 


Section 


Well  Numbers 


1  21.  22,  23,  2/t,  25,  26,  27,  28,  29,  31,  32,  3^,  35 

2  9.  10.  11,  12,  13,  IS,  16,  18,  19,  20,  21,  22,  23,  2k,  25, 
26,  27,  28,  30,  31 


3 

2,  3,  k,  ,5.  6,  7 

k 

7,  8,  9,  10.  11.  12,  26,  27,  28,  29 

5 

2,  3 

6 

3,  k,  5 

7 

k,  5 

8 

3,  k,  5 

9 

2,  3,  k 

11 

2,  k 

12 

2,  3,  k 

19 

Ik,  15,  16,  17,  18,  19 

22 

23,  2k,  27,  28,  30,  31.  49,  60 

23 

177,  179,  180,  181,  182,  183,  184,  185,  186, 
190,  191,  192,  193 

187,  188,  189, 

2k 

159 

25 

8,  9,  10,  11,  12,  13,  14,  15,  16,  17,  18,  19 

,  20 

26 

145,  146,  147 

27 

53,  54.  55,  56,  57,  58,  59,  60,  61,  62.  73, 

74.  76.  77,  78, 

83 
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Table  3.1-2-  Ground  Water  Wells  of  Acceptable  Construction  (Rank  « 
(Continued I  Page  2  of  2) 


Section  Well  Numbers 


28 

25, 

28, 

29 

29 

2, 

3 

.30 

3, 

It,  5, 

6, 

7,  8,  9 

,  10, 

11 

31 

5, 

6,  7, 

8, 

9,  10, 

11 

32 

2. 

3 

33 

26, 

27, 

28, 

29,  30, 

31, 

32, 

33, 

39, 

35 

3^ 

2, 

3,  it, 

5, 

6.7,  8, 

9.  10 

35 

52, 

53, 

5/., 

55,  56, 

58, 

59, 

CO, 

Cl, 

62. 

69, 

70 

36 

1, 

116, 

118 

,  121 

Total  Wells  -  103 
Source:  ESE<  1987 
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Table  3-1-3.  Ground  Water  Wells  of  Potentially  Acceptable  Construction 
(Rank  »  3) 


Section 


Well  Numbers 


30, 

33, 

36, 

37, 

38. 

39, 

40, 

41, 

42, 

43, 

47, 

48, 

49, 

50 

14, 

17, 

32, 

33, 

34, 

35, 

36, 

38, 

39, 

40, 

41, 

42. 

43, 

44 

46, 

47, 

48, 

49 

7  3 

11  3 

22  20,  21,  22,  25,  26,  29,  33,  3/i ,  36,  37,  38,  39,  ^0,  41,  42, 
43,  45,  53,  56,  58,  59 

23  7,  28,  161,  166,  176,  196,  197,  198,  200,  201,  203,  204,  205, 
211,  326,  337,  338,  339,  340,  341,  342 

24  1,  2,  136,  149,  150,  158,  161,  162,  163,  164,  170.  171,  172, 
173,.  174,  175,  176,  178,  179,  183,  194,  185,  188.  343,  344, 
345,  346,  347,  348,  349,  350,  351,  352,  353,  354 

25  4,  21,  22,  23,  24,  25,  26,  29,  35,  36,  37,  38,  39,  40 


26  135,  140,  141,  142 

27  64,  66,  68,  69,  70,  71,  72 

28  26 


33 


48,  49,  50,  51,  52,  55,  56,  57,  58,  59,  60,  61,  62,  63,  64, 
65.  66,  67,  68,  69 


35  71,  72 

36  112,  113,  114,  117,  119,  122,  136,  137,  138,  139,  140,  141, 
142,  146,  147 


Total  Wells  »  175 
Source:  ESE,  1987 
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Table  3-1-4-  Ground  Water  Wells  of  Questionable  Construction 
(Rank  -  2)  (Page  1  of  2) 


Section 


Well  Humbers 


1 

1, 

2, 

3, 

^  1 

7, 

a, 

9,  10,  11,  12,  13,  19,  16,  17,  18,  19,  20 

2 

1, 

2, 

3, 

^  1 

5, 

6, 

7,  8,  37 

3 

1 

6 

1, 

2 

7 

1 

8 

2 

11 

1 

12 

1 

19 

1. 

2., 

3, 

A  1 

5, 

6, 

7,  8,  9,  10,  11 

20 

1 

22 

2, 

3. 

9, 

8, 

12, 

:  13,  19,  15,  16,  17,  18,  19,  99,  51,  52, 

59 

,  55, 

57 

23 

2, 

^  » 

8, 

9. 

10, 

11,  13,  19.  15,  29,  32,  39,  35,  36,  39,  91, 

A2,  til,  tiS,  ti<),  52,  53.  5<i,  56,  57,  58,  59,  61,  63,  69,  66, 
67,  96,  109,  110,  111,  118,  119,  120,  121,  122,  123,  128, 


136, 

137, 

139, 

190, 

191, 

192, 

193, 

199, 

195, 

196, 

198, 

199, 

150, 

151, 

157, 

158, 

159, 

160, 

178. 

199, 

202, 

206, 

207, 

209. 

210 

3,  6 

,  13, 

25,  27,  97 

',  99 

.  53, 

57, 

58,  63,  80 

,  81, 

83, 

85,  86 

87, 

89,  90,  92, 

93, 

99, 

95,  96 

',  97 

,  98, 

99, 

100, 

101, 

102, 

103, 

109, 

105, 

106, 

107, 

108, 

109, 

110, 

111, 

112, 

113, 

119, 

115, 

116, 

117, 

121, 

122, 

123, 

129, 

126, 

127, 

128, 

129, 

130, 

135, 

151, 

165, 

166, 

167, 

168, 

169, 

171, 

177, 

180, 

181 , 

182, 

186,  187 


25 


3,  5,  6,  7,  30,  31,  39 
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Table  3.1-A.  Ground  Water  Wells  of  Questionable  Construction 
(Rank  *2)  (Continued.  Page  2  of  2) 


Section  Well  Numbers 


1.  2 

.  A 

5, 

9, 

11, 

13, 

lA, 

16, 

18, 

19, 

21, 

22, 

23, 

2A, 

25, 

26, 

27 

8, 

29, 

30, 

AO, 

Al, 

A2, 

A3, 

AA, 

A5, 

A6 , 

A7 

• 

A8, 

50, 

51, 

52, 

.3, 

5A, 

55, 

56, 

57. 

58. 

60. 

61, 

62, 

63, 

6A 

y 

65, 

66. 

67, 

69, 

70, 

71, 

72, 

73, 

7A, 

75, 

76, 

77, 

78, 

79, 

80 

1 

81, 

83. 

8A, 

85, 

87, 

86, 

88, 

89. 

90. 

91, 

92, 

93, 

9A, 

96, 

97 

y 

119 

,  123 

12A, 

126 

.  127, 

128, 

129 

,  131,  132, 

133, 

136 

,  138. 

139, 

1A3, 

1A4 

27  2.  3.  A,  '5,  6,  7,  9,  10,  11,  12,  13,  15,  17,  18,  19,  25,  27. 


28, 

29. 

30, 

31, 

32, 

33, 

3A, 

37, 

AO. 

Al, 

A2. 

A3, 

AA  , 

A5, 

A9, 

50, 

51. 

52, 

63, 

65, 

75, 

79, 

80. 

81. 

02 

28 

1. 

2,  3, 

A  , 

5, 

6,  7 

1  8  > 

9,  : 

11, 

12,  : 

lA,  : 

15, 

16, 

18, 

20, 

22, 

23, 

2A, 

27 

31 

2, 

3 

32 

1 

33 

1, 

2,  16 

,,  18,  19,  20,  21,  22,  23,  2A,  25,  53,  5 

A 

35 

2, 

3,  5. 

6, 

7, 

8,  9 

,  12 

,  13 

,  lA 

,  15 

,  16 

.  17 

,  18 

,  19,  20 

,  21 

22, 

23, 

25, 

26, 

27, 

28, 

29, 

30, 

Jl, 

32, 

33, 

3A, 

35, 

36, 

37, 

38. 

39, 

AO, 

Al, 

A7, 

A8, 

30, 

51, 

73, 

7A, 

76 

36 

3, 

6,  7, 

8. 

9 

10 

11, 

13. 

lA, 

15, 

16, 

17, 

18, 

21, 

22, 

23, 

2A, 

25, 

29, 

30, 

31, 

32. 

33, 

3A, 

35, 

36, 

,  A3, 

AS, 

50. 

55, 

5(., 

1, 

62, 

63, 

65, 

66, 

67, 

68, 

69, 

1  72, 

73, 

7A, 

75, 

/  6 , 

7‘  , 

79, 

81, 

83. 

8A, 

85, 

86, 

87, 

88, 

,  00, 

91, 

103,  1' 

, 

0, 

S  , 

109 

,  110,  1A5 

Total  Wells  ••  A8A 
Source:  E3E,  1987 
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Table  3.1-5.  Ground  Water  Wells  of  Unacceptable  Construction  (Rank  -  i) 


Section 


Well  Number 


5  1 

22  1.  9.  10,  32 

23  3.  6.  38,  /tO,  /.9,  SO,  55,  60,  62,  65,  95,  108,  127,  132,  151, 
301,  302,  303,  30/i,  305,  330,  331,  332,  333,  33/.,  335 

2/.  A,  7,  8,  9,  10,  28,  /.3,  65.  mo,  AB,  50,  51,  52,  56,  55,  66, 

65,  86,  88,  91;  137,  306,  307,  308,  309,  310,  311,  312,  313, 

316.  313,'  316,  317,  318,  319,  320,  321,  322,  323,  326,  325, 

326,  327,  328,  329,  613,  616,  615,  616,  617,  618,  619,  620, 

621,  622,  623,  626,  625,  626.  627.  628,  629,  630,  631,  632, 

633,  636,  635,  636,  637,  638 

25  1,  2,  27,  28,  33 

26  6,  10,  15,  17,  20,  6‘2 ,  69,  98 

27  1,  8,  16,  16,  20,  21,  22,  23,  26,  26,  35,  36 

28  10,  16,  17,  19,  21 

30  1,2 

31  1,6 

33  3,  6,  5,  6,  7,  8,  9,  10,  11,  12,  13 

36  1 

35  1,  6,  10,  19,  26,  62,  63,  66,  65,  66,  69 

36  2,  12,  37,  38.  39,  60,  61,  62,  66,  65,  66,  69,  53,  58,  59, 

66,  70,  71,  82,  101,  102,  106 


Total  Wells  «  181 
Source:  ESE,  1987 
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Severn!  fnrtnrn  wore  examined  nn<l  tlnctimonVeH  fnr  ench  well  Ineliidlng 
historical  chemical  datai  frequency  of  sampling,  period  of  record,  analyte 
variation,  water  level  data,  and  well  status  with  respect  to  current  RMA 
programs. 

Cbeuical-llata 

Evaluation  of  chemical  data  Included  contaminant  identification,  frequency 
and  magnitude  of  these  detections,  and  chemical  trends.  Contaminant 
patterns  or  trends  were  described  as  Increasing  or  decreasing,  and  as 
consistently  high  or  consistently  low- 

Most  wells  exhibited  consistent  concentration  trends  with  respect  to 
Inorganic  contaminants  and  organic  contaminants  of  high  solubility  and  low 
volatility.  However,  these  same  wells  exhibited  variable  concentrations  for 
organic  contaminants  that  were  present  at  concentrations  near  the  compound's 
method  detection  limit.  Concentration  variations  for  organic  contaminants 
near  the  method  detection  limits  most  likely  result  from  Inherent 
variability  In  the  analytical  techniques  or  laboratory  variations. 

Sao)pliug-£ce4U&Dcy_aDd_£Bt:iad-Q£-£ecoi:d 

Many  wells  do  not  possess  regular,  detailed  sampling  histories  that  were 
collected  over  an  extended  period  of  time.  For  example,  many  wells  were 
sampled  on  a  semiannual,  quarterly,  or  even  more  frequent  basis  for  a  period 
of  one  to  two  years,  but  then  were  not  sampled  for  several  years-  In  many 
cases,  the  wells  were  sampled  with  a  different  frequency  (l.e..  annually) 
several  years  later.  M'  ';h  of  this  variation  In  sampling  histories 
apparently  resulted  from  logistical  constraints  at  RMA.  Some  wells  with 
extensive  sampling  history  do  not  have  sufficient  well  construction 
Information,  while  newer  wells  with  documented  well  construction  do  not  have 
extensive  sampling  histories-  These  variations  in  sampling  histories  and 
discrepancies  In  chemical  data  prevented  a  straightforward  Interpretation  of 
contaminant  trends-  Wells  from  this  historical  dat.n  group  were  Included  In 
Task  where  additional  coverage  or  more  det.nli  w.ns  deemed  .appropriate 
based  on  evaluation  of  Task  4  data- 
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HateE..leYel„Data 

The  final  step  In  the  sampling  history  examination  was  to  evaluate  water- 
level  data  obtained  for  each  well-  Water  levels  were  monitored  In 
approximately  875  wells  on  a  quarterly  basis  as  part  of  Tasks  k  and  25-  The 
goal  of  the  Task  kt*  evaluation  was  to  Identify  wells  suitable  for  water 
level  measurement  that  would  produce  a  network  to  satisfy  program 
objectives.  Wells  that  displayed  consistent  water  levelsi  rising  or  falling 
trends)  seasonal  variations  or  irregular  results  and)  most  Importantly)  well 
clusters  that  showed  hydraulic  differences  between  water-bearing  zones  were 
determined-  Period  of  record)  frequency  of  past  measurements)  and  relation 
to  current  water  level  measuring  programs  were  also  evaluated  for  each  well- 

3  - 1  - 1  -  3  LQcaliQn_£yalualiiQD 

Location  evaluation  was  conducted  for  the  ground  water  monitoring  network 
under  Task  kU,  This  study  evaluated  the  areal  well  distribution  to  Identify 
wells  that  have  optimum  locations  relative  to  contaminant  distributions  and 
regional  hydrogeologlc  data  requirements- 

IndlYiduai-Uella 

Individual  well  placements  were  examined  during  the  location  evaluation  to 
ensure  that  (1)  the  most  probable  flow  paths  In  and  out  of  a  potential 
contaminant  site  had  been  monitored)  (2)  areas  with  significant  contaminant 
flow  and  contaminant  concentration  variation  had  been  monitored.  (3) 
background  and  worst  case  conditions  had  been  evaluated,  and  {k)  a 
sufficient  density  of  wells  existed  to  define  the  lateral  and  vertical 
extent  of  contaminat lon- 

Inltlally)  the  areal  distribution  of  wells  of  acceptable  or  potentially 
acceptable  ranking  were  examined  in  respect  to  above  criteria-  In  areas 
with  dense  coverage,  wells  were  preferentially  selected  from  the  acceptable 
and  potentially  acceptable  categories-  Areas  with  Insufficient  well 
coverage.  Incomplete  transects  across  or  along  major  flow  paths-  or  areas 
with  dense  coverage  outside  of  major  flow  paths  (l-e--  bedrock  highs)  were 
Identified-  Wells  with  questionable  construction  details  were  considered 
for  Inclusion  In  areas  of  Insufficient  coverage  where  acceptable  or 
potentially  acceptable  wells  did  not  exist- 
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The  areni  d  I strlbut- 1  on  of  wells  vap  compared  to  hnown  ground  water 
contaminant  patterns  (Figure  1*7-1)  and  the  location  of  known  and  potential 
contaminant  sites •  Areas  were  identified  within  which  an  insufficient 
number  of  acceptable  or  potentially  acceptable  wells  were  available  relative 
to  contaminant  patterns >  and  available  wells  designated  as  questionable  were 
selected  to  infill  data  gaps.  Areas  were  also  defined  where  additional 
monitoring  wells  may  need  to  be  installed  under  the  Composite  Well  Program. 

Uell_Clusle£s 

Wells  that  were  part  of  well  clusters  were  Identified  to  examine  the 
vertical  distribution  of  contaminants.  Well  clusters  are  defined  as  two  or 
more  wells  within  a  SO-ft  circle  with  at  least  one  well  screened  in  the 
Denver  Formation  and  one  in  the  alluvium.  Well  cluster.s  were  ranked  In 
accordance  with  the  same  criteria  as  previously  described  for  individual 
wells.  Well  clusters  are  considered  important  in  the  selection  process 
because  they  provide  information  on  the  hydraulic  and  chemical  variations 
between  water-bearing  zones  at  a  particular  location.  By  using  well 
clusters)  a  three  dimensional  chemical  and  hydrogeologlc  picture  can  be 
developed.  When  considering  clustered  wells  screened  within  Denver 
Formation  sand  units i  historical  water-quality  data  was  used  to  select  the 
well  or  wells  to  be  monitored-  Where  the  deepest  Denver  Interval  sampled 
contained  contaminants  above  guidance  levels >  this  well  was  included  In  the 
network  and  recommendations  made  for  a  deeper  well  at  that  location.  At 
well  cluster  sites  where  there  is  a  decrease  In  contaminant  concentrations 
with  depth)  wells  containing  contaminant  levels  below  guidance  criteria  were 
generally  not  Included  In  the  network  unless  geologic  or  hydrologic 
conditions  suggested  that  ground  water  quality  monitoring  was  justified- 

Geologic  and  hydrologic  conditions  in  the  vicinity  of  the  cluster  wells  were 
considered  in  order  to  evaluate  possible  hydraulic  communication  between 
areas  and  to  help  select  the  most  desirable  wells-  The  local  horizontal 
flow  direction  was  considered  In  conjunction  with  the  monitored  Interval  In 
each  well  to  select  appropriate  downgradlent  monitor  wells.  The  overall 
distribution  of  clusters  was  evaluated  to  Identify  areas  of  dense  coverage 
or  duplication  of  clusters- 
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3-1.2  SEF.ECTTON  OF  THE  MONTTORINC  NETWORK 
3 • 1 • 2 ■ 1  OvervlaM_Q£_QnpQat_aad-Q££pQSt— Hetworka 

The  proposed  long-term  monitoring  network  for  RMA  consists  of  a  total  of  311 
alluvial t  Denver  Format  Ion i  and  offpost  wells.  Well  locations  are  shown  In 
Figures  3.1-2  to  3.1-4.  Of  the  311  wellsi  43  are  located  In  the  offpost 
area  and  268  wells  have  either  been  recently  sampled  or  are  proposed  for 
sampling  under  other  RMA  tasks  or  programs  as  listed  below. 


o 

186 

Task  4  wells  (Includes  6  wells  previously  Included 

with  Task  38); 

o 

43  . 

Offpost  wells; 

o 

25 

Task  25  wells; 

o 

11 

Task  38  wells;  and 

o 

4fi_ 

Historic  and  recent  SCC  wells- 

311  Wells 


Historic  wells  are  those  not  sampled  recently.  Specific  wells  selected  for 
the  Task  44  network  from  other  task  networks  are  discussed  In  Section 
3. 1.2. 5. 

Except  for  offpost  well  locations)  all  wells  were  selected  utilizing  the 
criteria  and  methodology  described  previously  In  Section  31.1  and 
Illustrated  In  Figure  3.1-1-  A  listing  of  the  wells  Is  given  In  Table  31-6 
(offpost),  3-1-7  (onpost  alluvial),  and  3-1-8  (onpost  Denver  Formation). 

3 . 1 . 2 . 2  Q££poa£_Uaf  ei:_Qualiiy-tlaollai:ing-liBf  work 

The  offpost  monitoring  network  consists  of  43  wells  from  offpost  Task  6 
(Contract  No-  DAAK11-83-D-007)  as  listed  In  Table  3.1-6  and  shown  In  Figure 
3-1-2.  Well  selection  criteria  were  not  evaluated  In  depth  for  offpost 
wells  because  these  wells  were  taken  directly  from  Revision  III  -  360° 
Monitoring  Program.  Of  the  43  total  offpost  wells.  42  are  completed  In 
alluvium  and  one  is  considered  a  Denver  Formation  well-  Offimst  .and  onpost 
wells  will  be  sampled  end  analyzed  using  Identical  procedures  (Section  3-2 
and  4-0).  Offpost  wells  will  be  sampled  on  a  quarterly  basis  In  conjunction 
with  Task  25  and  to  comply  with  requirements  of  the  1975  Cease  and  Desist 


3-16 


1 


Not*:  Ofl-Poit  W*M  37366  I*  South***! 
of  RMA,  8**  FIgur**  7,  6,  *110  0 
37366  D*nv*r  Formation  Wall 


Figure  3.1-2 
PROPOSED  OFF-POST  TASK  44 
ALLUVIAL  AND  DENVER  WELL 
MONITORING  NETWORK 


Prepared  for: 

U.S.  Army  Program  Manager’s  Office 
For  Rocky  Mountain  Arsenal 
Abirdean  Proving  Ground,  Miryland 
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Figure  3.1-3 

PROPOSED  TASK  44  ONP08T  ALLUVIAL  MONITORING  WELL  NETWORK 


eOUROI  :  HLA,  1SS7 
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Prtparad  fon 

U.8.  Army  Program  Managar*a  Offica 
For  Rooky  Mountain  Araanal' 

Abontom  Proving  Ground,  Maryland 
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Figure  3.1-4 

PROPOSED  TASK  44  0NP08T  DENVER  FORMATION  MONITORING  WELL  NETW( 
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Table  3.1-6.  Task  Uk  Offpost  Well  Network 


37305* 

37307 

37308 

37309 

37312 

37313 
37320 

37332 

37333 
37335 
37338 
37338 
373/1O 
373A1 
373^2 
3730 
373i.A 
373A5 
373A6 
373A7 


373A8 

373A9 

37350 

37351 

37352 

37353 

37354 

37355 

37356 
373i;7 

37358 

37359 

37360 

37361 

37362 

37363 

37364 
37365** 
37366 


Also  Included  are  the  following  four  alluvial  domestic  wells: 


Boiler 

xn 

XXI 

cm 


*  Well  abandoned. 

**  Denver  Formation  well. 

Source:  ESEi  1987 
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Table  3.1-7.  Proposed  Onpost  Task  AA  Monitoring  Network, 
Alluvial  Aquifer  Wells  (Page  1  of  2) 


Total 
Section  Wells 


Well  Numbers 


1 

6 

017, 

020, 

021, 

02A, 

027, 

OAl 

2 

6 

008, 

on, 

OlA, 

020, 

03A, 

037 

3 

5 

002, 

005, 

008, 

518, 

523 

<1 

12 

007,' 

010, 

OlA, 

021, 

02A, 

027, 

030, 

038, 

041, 

042, 

044, 

0A5 

6 

2 

002, 

003 

7 

1 

001 

8 

1 

003 

9 

7 

002, 

005, 

006, 

008, 

010, 

Oil, 

013 

11 

1 

002 

12 

1 

002 

19 

1 

001 

22 

5 

006, 

021, 

0/.9, 

051, 

059 

23 

11 

OQi*, 

029, 

039, 

0A9, 

058, 

095, 

108, 

142, 

179, 

188, 

191 

2A 

9 

092, 

101. 

106, 

107, 

111, 

112, 

113, 

158, 

185 

25 

5 

on, 

015, 

018, 

022, 

038 

26 

13 

006, 

on. 

015, 

017, 

020, 

041, 

073, 

076, 

083, 

085, 

088, 

127, 

133 

27 

8 

003, 

005, 

016, 

OAO, 

051, 

053, 

062, 

074 

28 

3 

022. 

023, 

027 

(J-KMA-imU/  IFVl  B  .  JJ  !  -  I 
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Table  3- 1-7.  Proposed  Onpost  Task  4A  Monltorlno  Network. 

Alluvial  Aquifer  Wells  (Continued.  Page  2  of  2) 


Total 

Section  Wells  Well  Numbers 


30 

1 

009 

31 

1 

005 

33 

8 

001.  002, 

3A 

7 

002,'  005, 

35 

7 

023,  03A, 

36 

7 

001.  065. 

Note:  Task  4  Wells 

Current  Task  25  Wells 
Task  38  Wells 
Historic  Wells 
Recent  Shell  Wells 

Total  Task  hU  Wells 

Source;  ESE.  1987 


030, 

033, 

039, 

063, 

075,  077 

008, 

50^, 

507. 

508, 

515 

037. 

052. 

058. 

061. 

065 

075, 

076, 

034, 

112. 

139 

8^ 

15 

11 

15 

—3 

128 
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Table  3- 1-8-  Proposed  Oiipost  Task  kk  Monitoring  Network 
Denver  Formation  Wells  (Page  1  of  2} 


Total 

Section  Wells  Well  Numbers 


1 

12 

007, 

008, 

012, 

015, 

022, 

025, 

036, 

037, 

043, 

047, 

0A8, 

050 

2 

li. 

009, 

010, 

012, 

018, 

019, 

021, 

025, 

030, 

031, 

035. 

036, 

038, 

039, 

043 

3 

3 

003, 

t 

004. 

006 

k 

3 

008, 

009, 

Oil 

5 

1 

001 

6 

2 

OOA, 

005 

7 

1 

004 

8 

1 

005 

9 

1 

003 

11 

1 

004 

12 

2 

003. 

004 

19 

3 

003, 

015, 

017 

22 

6 

023, 

024, 

027, 

028, 

030, 

031 

23 

18 

053, 

054. 

161, 

177, 

180. 

181, 

182, 

183, 

184 , 

185, 

186, 

187, 

189, 

190, 

192, 

193, 

209, 

210 

2k 

7 

086, 

089. 

120, 

124, 

127, 

130, 

159 

25 

8 

009, 

013, 

014, 

016, 

017, 

021, 

023, 

039 

26 

15 

019, 

057, 

058, 

061, 

066, 

067. 

071, 

072, 

075. 

084  , 

086, 

129, 

140, 

142, 

147 

27 

k 

049, 

054. 

055, 

057 
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Table  3' 1-8*  Proposed  Onpost  Task  kh  Honltoring  Network 

Denver  Formation  Wells  (Continued i  Page  2  of  2) 


Total 

Section  Wells 


Well  Numbers 


28 

2 

026, 

028 

30 

1 

Oil 

32 

1 

002 

33 

4 

016, 

026, 

032, 

034 

lU 

3 

003, 

006, 

009 

35 

13 

013, 

016, 

017, 

036, 

038, 

039, 

054, 

056, 

062, 

063, 

066, 

067, 

068 

36 

14 

056, 

066, 

069, 

083, 

090, 

110, 

113, 

114  , 

116, 

117, 

119, 

121, 

122, 

154 

Note:  Current  Task  25  Wells  10 
Task  4  Weils  102 

Historic  Wells 

Total  Task  Wells  lAO 

Source;  ESEi  1907 
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Order*  Additional  monitoring  of  the  Denver  Formation  offpost  will  be 
performed  under  Tasks  25)  36 >  and  39*  These  tasks  Include  Installation  of 
additional  Denver  Formation  monitoring  wells  In  selected  locations. 

3  ■  1  •  2  ■  3  QnpQSt-Ua£.e]:-Quaiily_UQnlt.Qi:iDg-tie£UQck 

The  onpost  monitoring  network  has  been  subdivided  Into  an  alluvial  network 
consisting  of  128  wells  and  a  Denver  Formation  network  consisting  of  lAO 
wells*  These  networks  are  discussed  separately  below*  Onpost  sampling  will 
be  conducted  semiannually  except  for  the  following  12  wells  In  the  vicinity 


of  Basin  F  which  will 

be  sampled 

quarterly: 

230A9 

231A2 

26020 

26085 

23095 

26015 

260A1 

26127 

23108 

26017 

26073 

27016 

Quarterly  sampling  was  conducted  historically  for  these  Basin  F  wells i  and 
the  same  sampling  schedule  was  retained  In  Task  AA  efforts  to  provide 
consistent  sampling  frequency* 

Alluiilal-ltBll_Cleluack 

The  alluvial  monitoring  well  network  was  designed  to  monitor  contaminant 
distributions  In  saturated  RMA  alluvium*  One  hundred  and  twenty'-elght 
onpost  alluvial  wells  were  selected  for  the  Task  A4  program  (Table  3*1-7)* 
Many  of  these  wells  have  been  sampled  within  the  last  year  under  current  or 
previously  existing  RMA  tasks: 


Task  wells 

8A 

Current  Task  25  wells 

15 

Current  Task  38  wells 

11 

Historical  wells 

15 

Recent  Shell  Wells 

_-3 

Total  Task  Wells 

128 

The  alluvial  monitoring  well  network  Is  shown  In  Figure  3*1-3  and  summarized 
by  section  In  Table  3*1-7,  Large  portions  of  RMA  have  unsaturated  alluvium, 
and  Figure  3*1-5  Illustrates  alluvial  well  locations  with  respect  to 
unsaturated  alluvium* 
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Figure  3.1-6 
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Alluvial  wells  associated  directly  with  five  major  potential  contaminant 
sites  are  as  follows: 

Potential 

_ Cantaminant.Slle Alluvial-Hells 

South  Plants  15 

Basin  A/A  Neck  Area  9 

Basins  B-E  8 

Basin  F  25 

North  Plants  5 

A  total  of  27  alluvial  wells  In  Sections  9i  and  33  (western  tier)  are 
Included  in  the  Task  kk  program  to  provide  long-term  monitoring  of  the 
organohulogen  and  DBCP  contamination  associated  with  the  Railroad 
Classification  Yard  and  potential  offpost  sources- 

Paleochannels  may,  under  some  conditions)  Influence  directions  of  ground 
water  flow  and  provide  contaminant  migration  pathways  that  facilitate  the 
spread  of  contamination-  Consequently)  an  effort  was  m-de  when  selecting 
wells  to  choose  wells  that  were  situated  within  paleochannels  or  as  close  to 
paleochannels  as  possible  to  intersect  potential  contaminant  migration 
paths-  Approximately  42  wells  were  selected  to  investigate  the  Importance 
of  paleochannels  at  RMA  (Figure  3-1-6)  as  related  to  ground  water  flow 
contaminant  migration-  The  paleochannels  shown  In  Figure  3-1-6  were 
Inferred  from  the  Army/ESE  and  Shell  bedrock  surface  maps-  There  appears  to 
be  a  good  correlation  between  paleochannel  orientation  and  alluvial  aquifer 
flow  directions-  However)  in  areas  where  the  saturated  alluvium  thickness 
exceeds  the  relative  maximum  depth  of  the  paleochannels)  the  influence  of 
paleochannels  on  ground  water  flow  is  reduced  and  contaminant  distribution 
Is  thus  less  controlled  by  , aleotopography - 

A  set  of  five  wells  (06002 i  07001,  08003.  11002.  and  12002)  was  chosen  to 
provide  regional  background  monitoring  of  the  alluvial  -aquifer-  These  wells 
also  provide  a  general  Indication  of  alluvial  water  quality  flowing  onto  RMA 
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Figure  3.1-6 

PROPOSED  TASK  44  ONPOST  ALLUVIAL  MONITORING  WELL  NETWORK 
AND  INFERRED  PALEOCHANNEL  LOCATION 

SOURGE:  Etl.  lEST 
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along  the  southern  tier.  A  second  set  of  five  wells  (06003i  19001,  25011, 
30009,  and  31005)  was  chosen  to  monitor  the  eastern  side  of  RMA  and  provide 
contaminant  boundary  definition. 

PflDver-EQaaat.iQn-Mall-Mei;MOck 

The  Denver  Formation  monitoring  well  network  Includes  lAO  onpost  wells 
chosen  from  over  500  onpost  wells  completed  In  the  Denver  Formation.  The 
monitoring  network  Is  shown  In  Figure  3.1-^  and  Individual  wells  are  listed 
by  section  In  Table  3.1-8.  Following  examination  of  Task  A  data.  It  was 
determined  that  the  Denver  Formation  ground  water  flow  and  contaminant 
transport  systems  were  not  as  well  defined  as  those  In  the  alluvial  system. 
The  monitoring  network  selected  includes  a  larger  percentage  of  Denver  wells 
than  were  Included  in  the  Task  A  network  to  provide  more  Denver  Formation 
well  data.  Additional  Denver  wells  were  also  selected  to  provide  monitoring 
In  the  Denver  Formation  beneath  areas  of  unsaturated  alluvium.  Most  of  the 
selected  Denver  Formation  wells  have  been  sampled  under  other  RMA  tasks 
within  the  last  year  as  outlined  below: 


Current  Task  25  wells 

10 

Task  A  wells 

102 

Historic  wells 

_2a 

Total  Task  AA  Wells 

lAO 

The  monitoring  network  attempts  to  utilizes  the  best  existing  Denver 
Formation  wells  for  both  upgradlent  and  downgradlent  monitoring  of  potential 
contaminant  sites.  Wells  associated  directly  with  five  major  potential 
contaminant  sites  are  as  follows: 

Potential 

_ Canlamioaat-Sils _  Denver-Ufilis 

South  Plants  25 

Basin  A/A  Neck  Aren  17 

Basins  B-E  13 

Basin  F  lA 

North  Plants  10 


Eight  wells  from  Sections  A,  9,  and  33  (western  tier)  are  also  Included 
within  the  Denver  well  network  to  provide  long-term  monitoring  of  the 
organohalogen  and  DBCP  contnml n.nt Ion  nssoclnted  with  the  Railroad 
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ClaBslficntlon  Yard  nrd  potential  offpost  sources.  Current  information 
suggests  these  contaminants  are  presently  restricted  to  the  alluvial 
aquifer,  but  monitoring  of  the  Denver  aquifer  is  warranted  to  ensure  that 
contamination  Is  not  spreading  or  has  not  spread  to  the  Denver  formation. 

A  set  of  five  wells  (07004,  08005,  11004,  12003,  and  12004)  were  included  in 
the  Task  44  network  to  provide  regional  background  monitoring  of  the  Denver 
Formation  waters  In  the  Southern  Tier.  These  wells  also  provide  a  general 
indication  of  Denver  Formation  water  quality  flowing  onto  RMA  along  the 
southern  tier. 

A  set  of  eight  wells  (05001,  06004,  06005,  19003,  19015,  19017,  30011,  and 
32002)  monitor  the  eastern  sections  of  RMA.  These  wells  provide  background 
Information  on  Denver  Formation  water  quality. 

Cluster  configurations  were  given  selection  preference  in  the  Task  44 
network  to  investigate  vertical  differences  In  hydraulic  head  in  the  Denver 
Formation.  Table  3.1-9  lists  all  wells  in  the  Task  44  network  that  are 
present  In  cluster  configurations-  A  further  breakdown  by  section  and  major 
aquifer  is  given  in  Table  3-1-10.  The  distribution  of  well  clusters  is 
presented  in  Figure  3-1-7. 

3 . 1 . 2 . 4  Ecopoafid-Sampling^Schedule 

All  Task  44  wells  will  be  sampled  semiannually  and  select  Task  44  wells  will 
be  sampled  quarterly.  Quarterly  samples  are  scheduled  to  be  collected 
during  the  winter,  spring,  summer,  and  fall  quarters  of  1987,  and  will 
consist  of  samples  collected  from  54  wells  In  the  Offpost  and  Basin  F  areas. 
Specific  wells  In  these  area  are  discussed  in  Section  31-2.2  and  3-12-3. 
Semiannual  Task  44  sampling  is  scheduled  to  occur  in  the  spring  and  fall  of 
1987. 

3 . 1 . 2  •  5  UalBi:_LeYel-Mea&uceiiieQl_lleiUQi:k 

The  network  for  water  level  measurements  includes  most  wells  from  the  Task  4 

water  level  network,  all  Revision  III  -  360”  offpost  wells,  and  additional 

onpost  wells-  The  current  Task  44  water  level  network  consists  of  about  865 

wells  for  which  water  levels  are  measured  immediately  prior  to  a  sampling 

event.  Approximately  50  of  these  wells  did  not  yield  acceptable 
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Tabl«  3<l-9<  Clustnred  Halls  Incorporated  in  the  Proposed  Task  4A 
Monitoring  Network*  (Pago  1  of  2) 


Section 


Clusters 


1 

(021*, 

022), 

(024* 

,  025) 

2 

(008*, 

009, 

010), 

(011*. 

(037*, 

038, 

039) 

3 

(002*, 

003, 

004), 

(005*. 

4 

(007*. 

008, 

009), 

(010*, 

6 

(003*. 

004, 

005) 

B 

(003*, 

005) 

9 

(002*. 

003) 

11 

(002*, 

004  ) 

12 

(002*, 

003, 

004) 

22 

(021*, 

023, 

024) 

23 

(179*, 

180, 

181), 

(138*, 

24 

(158*, 

159) 

25 

(Oil*, 

013, 

014), 

(015*, 

26 

(073*, 

075) 

,  (083* 

r,  084) 

27 

(053*, 

054  , 

055) 

28 

(023*, 

026) 

,  (027* 

r,  028) 

30 

(009*. 

oil) 

33 

(030*, 

032) 

,  (033* 

.,  034) 

,  (041*.  043) 

012),  (020*.  021),  (034v,,  035,  036), 

006) 

Oil) 


189,  190),  (191*,  192,  193) 

016,  017),  (022*.  023),  (038*.  039) 
(085*.  086),  (127, V,  J29) 
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Table  3.1-9.  Clustered  Wells  Incorporated  In  the  Proposed  Task  kk 
Monitoring  Network*  (Contlnuedi  Page  2  of  2) 


Section 

Clusters 

34 

(002«>, 

003), 

(OOSft, 

006) 

35 

(034*. 

036), 

(037*, 

038. 

039),  (052*.  054),  (061*,  062,  063), 

(065*. 

066, 

067,  068) 

36 

(065ai 

066), 

(112ft, 

113, 

114) 

Off  Post 

(37343 

ft,  37365) 

*  A  well  cluster  Is  defined  as  containing  at  least  one  alluvial  well 
and  one  Denver  Formation  well. 

*  Alluvial  well 

Percentage  of  wells  contained  In  cluster  groupings  ■  36^<  (111  of  311  wells) 
Source:  ESE,  1987 
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Table  3. 1-10.  Summary  of  Task  Uit  Monitoring  Wells  by  Section 


Well  No.  of 

Section  Total  Clusters*  Alluvial  Denver 


1 

18 

3 

6 

12 

2 

20 

5 

6 

14 

3 

3 

2 

5 

3 

Ia 

15 

2 

12 

3 

5 

1 

0 

0 

1 

6 

4 

1 

2 

2 

7 

2, 

0 

1 

1 

8 

2 

1 

1 

1 

9 

8 

1 

7 

1 

11 

2 

1 

1 

1 

12 

3 

1 

1 

2 

19 

A 

0 

1 

3 

20 

0 

0 

- 

- 

22 

11 

1 

5 

4 

23 

29 

3 

11 

18 

2U 

16 

1 

9 

7 

25 

13 

5 

8 

26 

28 

k 

13 

15 

27 

12 

1 

8 

4 

28 

5 

2 

3 

2 

29 

0 

0 

- 

- 

30 

2 

1 

1 

1 

•  1 

1 

0 

1 

0 

32 

1 

0 

0 

1 

33 

12 

2 

8 

4 

3A 

10 

2 

7 

3 

35 

20 

5 

7 

13 

36 

21 

3 

7 

14 

Oil  I’o.  t 

_43 

1 

-AZ 

__1 

TOTALS 

311 

47 

170 

141 

Total  alluvial 

viells  as  a 

percentage 

of 

Task  44  wells  -  SS’t 

*  Clusters  are 

defl'iad  as 

containing 

at 

Ici'st  one  alluvial 

wel  1 

and  one  Denver  Formation  wcj.1. 
Source:  ESEi  1987 
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•  Alluvial  and  Denver 
Wall  Clusters 


Figure  ?.1-7 

DISTRIBUTION  OF  WELL 
CLUSTERS  IN  TASK  44 

80UH0E:  HLA.  1987 _ 


Prtpartd  for: 

U.S.  Army  Program  Managtr’t  Olflca 
For  Rocky  Mountain  Araanal 
Abardttn  Proving  Ground^  Morylond 
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mea.siirempnt.'?  because  they  were  foiind  to  be  dry  or  obstructed.  These  we-lls 
were  deemed  unacceptable  for  water  level  measurements  and  removed  from  the 
program. 

The  Task  water  level  measurement  program  provides  continuity  of  water 
level  data  with  Task  ^  and  earlier  RMA  programs-  Wells  currently  being 
measured  for  water  levels  are  listed  by  sec. ion  and  major  aquifer  grouping 
In  Tables  3.1-11  and  3-1-12. 

3 . 1  •  2  ■  6  Cuupai:ifiQa-oi-Iask../i4-uiib_0iher_Cuc£:eQi_&tiA-Ct:ound 
Ualec-fcagraos 

The  recommended  ground  water  monitoring  network  for  Task  /i/i  includes  128 
onpost  alluvial  wellst  lAO  onpost  Denver  Formation  wells,  and  03  offpost 
monitoring  wells.  The  Task  AA  network  Is  the  framework  for  monituting 
regional  water  quantity  and  water  quality.  Therefore,  other  ground  water 
related  tasks  are  superimposed  on  the  Tusk  network.  Currently  the 
network  Includes  25  onpost  wells  from  Task  25  and  11  wells  from  the  Task  38 
network  (Table  3.1-13).  The  Task  AA  network  may  be  slightly  nKodl.fied  based 
rn  results  from  the  detailed  studies  In  Tasks  25.  26.  36.  38.  and  39.  The 
scope  of  these  other  tasks  Is  summarized  In  Figure  1-2-2  and  the  area 
covered  by  each  investigation  Is  shown  In  Figure  1.2-3. 

Task  25  is  a  detailed  hydrogcologlc  and  contaminant  distribution  program 
centered  on  the  north  and  northwest  boundary  containment  systems-  The  scope 
of  this  task  Includes  sampling  of  .approxlmairly  131  wells  In  Sections  22. 

23.  2A .  and  26  of  RMA.  Task  26  Is  a  detailed  hydrogeological  evaluation  of 
the  South  Plants  to  Basin  A  neck  area-  Approximately  18  alluvial  and 

Denver  Formation  wells  will  be  Installed  in  Task  26  to  enhance  the  current 
well  distribution  and  to  define  hydrogeologic  associations  and  contaminant 
distributions.  Task  36  la  a  perlorni.ince  evalu.-itlon  ol  the  NBC.'J  .and  Include.^ 
Installation  of  several  ground  water  nKmllorlng  well!-  r'r  p)  e/.oiiiot  et - 

The  primary  objective  of  Task  38  Is  to  dcllno  TCP  and  PBCP  pailcrns;  within 
the  alluvial  aquifer,  and  efforts  Include  sampling  of  wells  In  RMA 
Section  3.  4.  9.  and  33-  Task  38  did  not  Involve  any  Denver  aquifer 
nwnltorlng. 
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Table  3-1-11*  Well  Network  for  Alluvial  Aquifer  Water  Level  Measurements 
(Page  1  of  2) 


Total 


Section 

Wells 

Well  Numbers 

1 

28 

1 ,  2 ,  4 ,  8 , 
24,  27.  30. 
537,  568 

9,  10,  il,  12,  16,  17,  18,  10,  20,  21, 

33,  38.  41,  44,  49,  501.  510,  514,  528, 

2 

16 

1,  7,  8,  11 
520,  580 

,  14,  17,  20,  21,  23,  26,  27,  33,  34,  37, 

13 

1,  2,  5,  8, 

9,  10,  516,  517,  518,  519,  522,  523,  526 

4 

41 

1,  2,  4,  7, 
21.  24.  25. 
37,  38,  39, 
529,  532 

8,  10,  13,  14,  15,  16,  17,  18,  19,  20, 

26.  27,  28,  29,  30,  31,  32,  33,  35,  36, 
40,  41,  42.  44,  45,  524,  525,  527,  528. 

5 

0 

None 

6 

2 

2,  3 

7 

1 

1 

8 

2 

2,  3 

9 

7 

1.  2,  5,  6, 

7,  8,  13 

11 

2 

2.  3 

12 

2 

1,  2 

19 

7 

1,  3,  4,  5. 

6,  7,  8 

20 

0 

None 

22 

26 

3 ,  4  ,  5 ,  6 . 
25.  29,  ,5. 

8,  12,  14,  16,  17.  18,  19,  20,  21,  22, 

49,  50,  51,  52,  53.  54,  56,  59,  60 

23 

85 

2.  4.  7,  8, 
34,  36,  39, 
56,  58,  59. 

9,  10,  n,  1  2.  13,  14.  15.  16.  26.  29. 

43.  44.  45.  46.  47.  48,  49.  51.  52.  53, 
61.  67,  72,  79.  85.  92.  95,  96.  101,  102 

106,  107,  108,  109.  no.  in.  118.  119,  120.  122. 
123,  125,  128,  129,  131.  134.  135.  136.  137,  140, 
141,  142,  143.  144,  145,  148,  157,  160,  161.  166. 
176,  178,  179,  i82,  185.  189.  191,  196,  197.  198. 
199,  204,  205,  208,  211 
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Tabla  3.1-11.  Well  Network  for  Alluvial  Aquifer  Water-Level  Measurements 
(Continued •  Page  2  of  2) 


Total 

Section  Wells  Well  Numbers 


24 

60 

1,  2.  3,  24,  49,  57.  63.  80,  81,  82,  83,  85,  87,  89, 
92,  93,  94,  95,  96.  97.  98.  99,  100,  101,  103,  105, 
106,  107,  108,  110,  111.  112,  113,  114,  115,  117, 

121,  122,  121,  126,  127.  128,  135,  150,  158,  161, 

162,  163.  164,  166,  169,  170,  178,  179,  180,  181, 

182,  184,  185,  188 

25 

7 

8,  11,  15,  18,  22,  35.  38 

26 

39 

2,  4,  5,  9,  11,  15.  16,  17,  18,  19,  20,  24,  26,  40, 

41,  44,  47,  48,  50,  62,  63,  65,  68,  70,  71,  73,  74, 

76,  78,  81,  83,  85,  88,  91,  93,  124,  127,  133,  145 

27 

51 

2,  3,  4,  5,  6,  7,  9,  10,  11,  12,  13,  15,  16,  17,  19, 
25,  28,  30,  32,  34,  37,  40,  41,  42,  43,  44,  45,  40, 

51,  53,  56,  59,  62,  63,  64,  66,  68,  70,  71,  72,  73, 

74,  75,  76,  77,  78,  79,  80,  81,  82,  83 

28 

22 

2,  3,  5,  6,  7,  8,  9,  11,  12,  14,  15,  18,  20,  21,  22, 
23,  24,  27,  28.  30.  503.  513 

29 

1 

2 

30 

3 

4,  6,  9, 

31 

6 

2,  3,  5.  6,  9,  10 

32 

1 

33 

63 

1,  2.  14,  15.  16,  17,  18,  19,  20.  21,  22,  23,  24,  25, 
30,  33,  38,  39,  40,  41,  42,  43,  44,  45,  46,  47,  54, 

57,  58,  59,  60,  61,  63,  64,  65,  66,  67,  68,  69,  70. 

71,  72,  73.  75,  77,  500.  501,  502,  505,  506,  507, 

509,  510,  511,  512,  514,  531,  533,  534,  576,  577, 

579,  580 

34 

4 

2,  5,  8,  515 

35 

22 

5,  6,  7,  14,  18.  23,  25.  26,  30,  31.  34,  37,  40,  47, 
48,  52,  53,  58,  61.  65.  66.  69 

36 

48 

1,  10,  13,  17,  24,  29,  43,  54,  56,  60,  63,  65,  67, 

68,  69,  73.  74,  75,  76,  77,  81,  82,  84,  85,  86.  87 

89,  90,  91,  92,  93,  99,  103,  112,  123,  128,  134,  135, 
136,  137.  138,  139,  140,  141,  142,  145,  146 

Total: 

560  plus 

42  off-poet  alluvial  wells  -  602  Total 

Source:  B8E>  1967 
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Table  3-1-12.  Well  Network  for  Denver  Aquifer  Water  Level  Measurements 
(Page  1  of  2) 


Section 

Total 

Wells 

Well  Numbers 

1 

28 

7,  1/t,  15,  22,  23.  25,  28,  29,  31,  32,  3/.,  35,  36, 

37,  39,  /i0,  /i3,  A5,  46,  47,  48,  50,  518,  522,  534, 
554,  586,  588 

2 

28 

5,  9,  10,  12,  13,  IS.  16,  18.  19,  22,  24,  25,  28,  30, 
31,  32,  35,  36,  38,  39,  43,  44,  45,  46,  545,  578, 

583,  585 

3 

k 

3,  4,  6,  7 

U 

3 

9,  11,  12 

5 

3 

1,  2,  3 

6 

2 

4,  5 

7 

2 

4,  5 

8 

2 

4,  5 

9 

2 

3,  4 

11 

1 

4 

12 

2 

3,  4 

19 

7 

2,  11,  15,  16,  17,  16,  19 

20 

0 

None 

22 

7 

2,  23,  24,  27,  28,  30,  31 

23 

15 

54,  177,  180.  181.  183,  184,  186,  187,  190,  192,  193, 
200,  201.  209,  210 

2k 

13 

86,  109,  120,  124,  125,  136,  159.  167,  168.  171,  172. 
174,  175 

25 

23 

4,  7,  9,  10,  12,  13,  14,  16.  17,  19,  20,  21.  23.  24, 
25,  26,  29,  31,  34,  36,  37,  39,  40 
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Table  3.1-12.  Well  Network  for  Denver  Aquifer  Water  Level  Measurements 
(Page  1  of  2) 


Section 

Well  Numbers 

26 

3/. 

27,  28,  A3,  52,  58,  60.  61.  6A,  66,  67,  69,  72,  75, 

80,  82,  8A,  86,  89,  90,  92,  9A,  96,  97,  123,  128, 

129,  130,  13A,  135,  lAO,  lAl,  1A2,  1A6,  1A7 

27 

6 

A9,  54,  55,  57,  58,  59 

28 

3 

25,  26,  29 

29 

1 

3 

30 

5 

5,  7,  8,  10,  11 

31 

3 

7,  8,  11 

32 

2 

2,  3 

33 

8 

26,  27,  28,  29,  31,  32,  34.  35 

3A 

6 

3,  4,  6,  7,  9,  10 

35 

31 

8,  9.  12,  13,  15,  16,  17.  24,  27,  28,  32,  33,  35.  56, 
38,  39,  41,  50,  51.  54,  55,  56,  59,  62,  63,  67,  68, 

70,  71,  73,  74 

36 

21 

36,  57,  61,  62,  66,  72,  78,  79,  83,  104,  105,  110, 

113.  114,  116,  117,  118,  119,  121,  122,  147 

Total: 

262  plus 

1  off-post  Denver  Formation  well  ■  263 
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Tnble  3.1-13.  WpIIs  Tncorpor.nled  In  (he  PrcposoH  T.nrjk  AA  Network 
From  Other  Current  RMA  Monitoring  Programs 


Task  25  Wells  (25) 


.Deuuec. 


Alluvial. 


22023,  22031,  23181,  2318/,.  22006,  220/,9,  22051, 

23189,  23209,  23210,  2/i086,  23029,  23039,  23058, 

2/tl20,  ikUU  2/,101,  2/,106,  2/,lll, 

2/tl85,  27003,  2707/, 


2300/,, 
2/,  092, 
2/,113, 


Task  38  Weils  (11) 


.Uenvec _  _ Alluvial. 

None  0/,03a,  0/,0/,l,  0/i0/42,  OAO/,/, , 

O/tO/,5,  09008,  09010,  09011, 

09013,  33075,  33077 


Uource:  ESE,  1987 
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Additional  monitoring  wells  that  were  constructed  and  sampled  following 
completion  of  Task  A  will  be  included  In  the  Task  network-  Seventeen  of 
the  47  wells  from  the  more  detailed  Task  38  program  have  been  included  In 
Task  44- 

Task  39  Is  the  offpost  RI/FS  task.  This  program  involves  well  Installation 
In  areas  where  data  Is  essential  to  FS  efforts.  Data  generated  from  these 
wells  will  be  useful  to  both  Tasks  25  and  44. 

The  total  number  of  wells  (311)  In  Task  44  is  very  similar  to  the  317  total 
number  of  wells  In  the  Task  4  Initial  Screening  Program  (ISP).  The  main 
difference  between  these  programs  Is  that  Task  44  Includes  43  offpost  wells 
generally  located  north  and  northwest  of  RMA. 

Additionally)  Tack  44  well  coverage  Is  designed  to  provide  contaminant 
pattern  definition  without  overemphasizing  areas  of  consistently  high  or  low 
values.  Therefore)  the  areal  coverage  is  more  uniform  than  found  In  the 
Task  4  ISP. 

3.1.3  PROPOSED  LONG-TERM  MONITORING  NETWORK 

The  Task  44  network  will  provide  the  basis  for  a  long-term  monitoring 
network.  The  selection  of  wells  for  Inclusion  In  Task  44  was  based  on  the 
evaluations  discussed  earlier-  The  wells  have  subsequently  been  grouped 
into  central  contaminant,  western  contaminant,  and  background  areas  labeled 
Regions  1,  2,  and  3,  respectively.  In  Figure  3.1-8.  RMA  was  subdivided  In 
this  manner  to  identify  areas  where  the  suite  of  target  analytes  c.in  be 
reduced  or  modified.  A  characteristics  summary  for  each  Task  44  well  by 
region  Is  presented  In  Tables  3.1-14  through  3.1-16.  ’.'he  long-term 

monitoring  program  will  be  selected  from  these  wells  and  will  also  Include 
newly  installed  wells.  The  long-term  monitoring  network  Relcctlon  iiiny  be 
conducted  using  Task  44  selection  criteria.  Decisions  will  also  lie  basL’il  on 
field  observations  and  analytical  results  from  Initial  Task  44  sampling. 
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For  Rocky  Mountain  Arsenal 
Absrdtsn  Proving  Ground,  Maryland 


3-42 


] 


3-43 


1 


I 


4J  ?1 

-H  *J  Cl 

^  3  -*41 

Ol  W  ^'1 
3  Cl 
tfl  roi 

S^l 

U  I 


t  <if  Ifi  til 

0  ^  -Q  «n  c>ii 

d  c  ^  I 

•  S  3  li>  I 

0  *5  0  ^ 

2  CO  it  H  ^1 


Qi  (111 

m0  4.11 

^  a  tfil 

i!  6  31 


I 


<«  >^1 

cn  Ui 


-4  ITJI 

<9  I  Cl 

-  1 3: 

>  lOi  0: 
3  Cl  C.' 
1  01 

I 

*•'1  UI 
4.>i  i9i 
<9.  Si. 
U.i 
I  > 

SI  Wl 
I  '91 

•41  TJi 

4^1  Cl 
-•  0  '9!  5i 
-I  4J  Cl  Ol 

U  -Ml  iXti 


4J 

•9  — 
U  IT 
Q  <9 
J  k- 


-  Cl 

> 

••4  ^1 

4J  c:  L' 

i9  Qi  *4> 

-  u-  c- 

a  t  Cl 
£  ly- 


•  m 

Ol 

o 


L 


Cl 

Ol 

Cl 

€! 

Ol 

Ul 


c 

Ifl  -N 
0  ■•( 
^  0 
U  2 

CJ  >..r 
Cl  -« u*) 
U  •M  M 
^  •« 

u  -s; 
•  .M  in 

0  L  19 
0  0^ 
*0  4J 
M  l/l  4J 

L 

••  L 

0  i;i  D 

£  ;x  y 


^  .N 


0 

4.1 

in 


m 

0 

a 


It  ^4 

I 

CuV 

QZ 

•H 

4JQ 

C 

4J  C 
UI  O 
.1  4J 

in  in 

S  5 

.4  u 


•  c 

in  >9 

a  0 

m  -H 
4J  0  U 
C  13 

0  -4  >. 

44  U 
I/I  •M  -« 

•4  ^  It 

I/I  in  u  • 

C  0  H 

0  a  L 

u  0 

c 

44  m 


<9  £ 

U 


Oil 

2[2 
UI 
N  C 


L  U. 
0  CO 


I 

in 

c- 

•t  I/I 

iM  0 

u  u 
c 

>.4 

to 

u  ^ 

nj 
u  u 

Q.^ 
4J  L 

in  0 

'.H  44 

£  in 

-H 

4«.£ 

IL 

lA 

^  Cu 

cn 

C-4 


111 

A| 


*4  U.  0 

‘J  C 
<0  m 

u 


5  S 

X  0 


Ul£ 

'9E 

a 


m  c 

0  C  T3  0  - 
k.'9  C  C 

jCl  0  M  'll 

Uil  k.  C  0 

ill  ^ 

a  cj 


0 

Jj 

ill 

c  - 

•t  £ 

L 

tl  ... 


jH 

in 


Ul  -4 

-•  1 

E 

• 

1 

1 

• 

-*H  *  I 

a  ii  44  -4 

•H 

>, 

in  X 

u. 

2 

in  c 

-H  c  a  N 

a 

.4 

.M 

M  • 

• 

• 

0  c 

OT 

a 

C  il  0 

•>0  0  o 

c. 

—4 

I/I  -4 

a 

a 

44  ... 

w4 

a 

0  E  u 

i  >  *J  «!  ID 

• 

TJ 

fD 

c  a 

Cl 

X 

0  L 

o 

‘J 

u  -•  c 

•J  ifl  c  C 

in 

0 

U 

0 

•,.i 

u 

-4  t» 

1 

C  3  -• 

.ill  .4  0  a 

0 

m 

H 

g  •> 

a 

o 

£  -4 

• 

a 

..H  X 

a  X  ijl  y  J 

u 

•H 

L 

c 

0 

— 

Ci 

».-%  ••  J 

f-  C  Jl 

0 

•  r  '•* 

• 

• 

«r  .. 

c 

>-  ’  a  a 

•  ^  .4  • 

Tl 

44 

44 

m  '. 

X 

•'Z 

V,  -Q 

K 

-4  -4  3 

a  o  u  1)1  d 

..4 

g 

ol 

r  V 

> ) 

01  O 

o 

w 

..4  X  ’ 

a.  c  i:  z 

44 

01 

Cu  c 

a 

0 

CO 

V  * 

m 

X 

It  lJ  V 

U  •  H  0  <1 

a  -  u  u 

m 

44 

E 

J  y 

a 

u 

E 

• 

0 

u  ai‘=  c. 

0 

in 

X 

'J  £ 

a 

u 

a 

•4  a  u 

•I  > 

a 

■M 

*•• 

•  • 

• 

U 

n 

a 

M 

u  0 

»•  X  .H  •  • 

m 

X  11 

:/ 

-.4 

UI 

•H 

J 

UI  n  m  a 

H 

c 

y  X 

r» 

•J 

r- 

■n 

•  Ul 

•  — 

O  9  0  LU 

in 

0 

££,  -1 

lO 

in 

f.n 

Oi 

UI  0 

*4 

in  0  V.  L 

T3  .  u  n  iJ 

0 

u 

IJI 

a  o 

E 

0 

E 

u 

■-»  a 

in 

•tl 

>9  CO  e  <9 

w  tJ  0 

44  ^4 

C  C  0  u 

0  *4  .. 

44  n  '1 
I/I  'ji 

•X  -4 


•0  m 

U  <9 

.4  H* 

iw. 

0  44 

V  c 
1/1  0 
-4  L 

£  L 


!-»  *□  0  XJ  Id  -M 

^  u  L  L 

U-C  0  ^4  3  0 

^  -M  U  ^  '4. 

tl  in  -4  iji 

lU  3  .H 

44  a  ul  c 

C  0 

o  'jT  z  'n 

44  M  <9  0 

m  cji  -4 

.Hi:  L 

UI  in  0  44 

-t 


QO  in  44 

erS  0  if 

^  .. 

111  44 

iN  44  01 

E  ^ 

0  in 

ftin  -*4  c 

19  0 

—  j 


.•0-4 

U  ^4 

•4  *44 

«4  il  <9 

in  y  - 

0  a  0 

a  £3  > 

o  ►  ui 

trj  £  M 

E  E 

i  -♦  i 

J  a  01 

1. 


in  ti 

0  'J 

c  •« 

•9  L 
Cf  0 
t.  4J 
0  in 


It  0.  a  (1 

—  44  ••  u  y 

c  M 

coo>^x:»- 

■H  44  !■/)—.  -4 

in  r  -4  -4 

lit  Hi  ^  It)  a  'll 

U  I/I  (J  U  IJ 


.  01  u 
s§ 


E  V 
Cj 


u 

c 

>•  ••* 
L 


W  1.  i- 
DEO 

44  IM  44 

01  cj  m 

•iH  '.4 

r  X 


-  ^  i 

U  ,»•  4- 

i  1  E  CJ 

in  E 

0  -•  a  * 
a  u  5 

>  a 

r  Ii1  -  UI 
I  M  HH  • 

k-  Ti 

•H4  ..  u  a 

a  UI  a. 
't  y 
-  a 


lU  g  -« 

a  -4  ^ 

•  g  ^ 
m  *4  0 

0  in  - 

••  •-  J 


.♦  CD 
C 

•9  O 

01  - 


■  a  M 


t  'l  ^  <3 


»•*.  ^  <r  t 't  T 


N  -1  Q  a  o 


-r  -r  .N  •■•  « 

•  J  5  C'J  “*  ’■* 

.H  a  ®  ■  *’  ^ 


■'J  -I  *1  'I  *1  'J  -4  - 


/.i  N  a  s  o  a  a 


-1  o  3i  a  s  s 


J 


C  "•  lAi 

0  <9  441 

^  U 

lA  -44  3i 

•  C  'Jli 
111  ft  tl' 


kl 

3 


=  ,.f 


z  z  z  z  z 


z 

I 

z  > 


z  z 


«  a  « 


Q  Q 


% 


^  iii  i  I H)  M  n  u  n  n  i  i  i  s 


3-A4 


1 

I 


z 

I 

9 


I 

c 

1-4  ^.^ 

4*. 

4P' 

M 

E 

g 

g 

a 

o 

* 

L 

a 

* 

M 

4.1 

ig 

3)  g  'll  ^ 

lA 

c 

E 

■jD 

X 

>.  *0 

L 

c 

rv 

L 

• 

L 

c  -4^1: 

p4 

g 

3 

E 

I 

E 

C 

c  - 

0 

X 

0 

X 

0 

c  g  0  in  X 

X 

M 

a 

'X 

c 

M 

3 

c 

•0  ? 

u 

c 

4J 

^  -  N  >  C'i  u 

C  L 

c 

c 

0 

1 

Cl 

•'V 

a 

4 

g 

tn 

M 

>» 

M 

Q 

c 

41  c 

p4  g 

Si 

» 

iV 

0 

u 

p 

c 

g 

ui 

■m 

g 

L 

0 

•i^  S 

g 

in  •»<  g  r  j;  M 

L  r 

.a 

c 

g 

13 

13 

>. 

.M 

c 

C 

L 

0 

4J. 

•V  O  £  I  lA  Z 

0  j.t- 

9 

g 

• 

O'  u 

>. 

3 

► 

•N  M 

lA 

—  (V  — 

-  0 

g 

g 

J 

i 

9 

3 

L 

>•3 

4*> 

M 

L* 

M. 

E 

c 

•-4 

lA  •*  un  ^  p-  — 

g 

c 

L 

IS. 

g 

4J 

•p 

0 

> 

<*4 

S 

z 

c 

:i 

X  U 

IQ 

lA 

it  X  N  Q  Cl 

-4  Ul 

0 

u 

U'J 

J 

u 

in 

rM 

pH 

Mt  r 

rv 

j 

0 

K 

Ifl 

g 

c 

E  C 

Dig 

;:4 

•H 

g  *0 

«4 

1i  U 

1 

1 

u 

> 

L 

a 

■0  un 

0 

M  LJ  Hi  Ifl  ► 

c 

H'i 

> 

C 

X 

L 

£ 

a« 

c 

4 

U  M 

5 

lA: 

0 

«4 

L 

<4* 

M 

*-  r  4 

u 

u 

—  Cl  «  g  *-  g  •- 

•*•4  0 

N 

Oil 

0 

E 

0 

•0 

•V 

U 

•M  £  a 

4JI 

L 

iV 

Ml 

s 

c 

Z  U  M  1  13  1 

z  g  M 

lA 

IJ 

4.1 

4» 

L 

M 

Cl 

» 

0  13 

c 

IV  s 

C  X 

— t 

1C  UT  —  g  1C 

ON  Quo 

-  >  c 

g 

•V 

c 

c 

a 

g 

-.4 

* 

g 

L 

5  c 

gi 

k* 

4J 

c 

.-4 

X  IS 

M  in 

'N 

-«  Ul  u- 

Lll 

u 

3 

>v 

4-1 

M 

M, 

'X 

13 

n 

M 

X 

£i 

z 

'A 

3 

.* 

“V 

an 

••-  ►  .4 

a  -4  j3 

H 

rH 

g 

p 

c 

c 

g 

M 

4-) 

Ul  L 

n 

z 

el 

■< 

•H 

0 

4*. 

> 

u  — 

X 

*'4 

A  g  in  *■  4J  •“ 

g 

Ul 

t. 

4. 

p 

m4 

X 

■TJ 

2 

“4 

;J 

g 

—  t 

1' 

01 

0 

r 

j3 

u 

:3 

lA 

X  Ul  c  V  a  Ul  0 

40 

»  X  un 

0 

a- 

CO 

J 

u 

•  ». 

Cl 

•  M 

M 

E  >-4 

•s 

•J. 

Ul 

1 

u 

L 

r 

X  •• 

•fl 

X 

•<-  g  g  -M  Q  g  X 

u 

-  0  C4 

IP* 

w 

an 

:a 

i  a 

in 

4.) 

ll 

M 

E 

I**. 

•J 

3 

pm 

iS 

«« 

U) 

—  M  N  r  a  a  u 

it 

.t  M 

u> 

lA 

g 

> 

a 

-X 

N 

r 

IJI 

IP  at 

>‘ 

J 

I 

a 

Cl 

c 

4.1 

> 

3 

a 

\n 

L 

■0 

0  C  Zi 

tf] 

•c  ^ 

u 

M 

X 

X 

M4 

iXi 

X 

g 

4* 

C  t3 

Mt 

1 

a 

E 

L 

«■« 

"3 

Cl 

‘>1  0 

lA 

»•  g  13  •  • 

•M 

13  Q  4J  rji 

•M 

;3 

E 

>  3 

x 

u 

a 

^1 

4 

M 

>. 

1 

5 

M 

g 

0 

» 

•• 

lA  E  □  •4- 

g 

Qi 

4*  0  -Zi  g  lA  •> 

g 

C  li 

4.1 

c 

E 

g 

CO 

g  g 

<0 

p- 

1 

M 

M 

X 

XQ 

g  Q 

.11  0 

r; 

13 

a  c  €  X  u:  c 

X 

-= 

g  }- 

t 

4*. 

a 

u 

^4 

w 

■7 

c  g 

'3 

Ai 

L* 

-1  c 

u 

-• 

C  I 
0  I 
.4  I 

.ij  cn 
g  Cl 

•H  3 

Cl  L  iii 
3  ^  Ci 
lit  <QI 

C  iZl 
0  I 
U  I 


Cl  ^  Ull 

0  •«*  *0  Jl  tWl 

a  c  ^  I 

•  e  3  w  I 

0  0  *f 

2  {/)  uC  f-  ^1 


C  1 
0 

*•  ^ 


I  ^ 


•tl  ^ 
tn 


-•  0 

^  w 

i  Of 

> 


I 

*• 

« 

j 


I  u  C  u.  L  Cl 
®  >  13  «-4  U  H  g 

c  O  ^  “OO 

-4  :N  -  C 

IV  £  N  •  " 

u.  U  Cl  •  Cl 

s  —  'fl  ^  r 

31  -  a 


LI 

01  oi: 
^  ^1 
Cl  I/ll 

Cl  e  Si 

3  U  -I 

(ft  Ul 


-4  t 


0  11 

ja  rj 


I  til 

I  Cl 

I  31 

(HI  Ol 
C.  Li 

LI  01 
Ci<  U\ 
gi 

4.>l  1}) 

'til  3i 
0.1 
I  X 
Cl  Li 
Ql  t6\ 
-)  TJ! 
4JI  C' 
<Ci  3i 
C^  Ol 

•M-  Olf 

St  -*i 

4^1  «0l 
Cl  LI 
0; 

Ul  a 
I  gi 
iOl 


£-»  A 

%  *il 

W  U  Ml 

iff 


^  5 

4J  g  j  M 

n  c  c 

OH  g  »  ij 

0  ^4  <1 

>  c  3  • 

Cl  M  in 

ii  a  .c 


g  _ 

rt  (ft 


g 

43  c 


Ul  lA 
d:  I 


U  in  6  lA 
-  T  L  <1 
♦J  ‘ 

Ul  g  • 

g  :l  c  :l 
a  r  0  E 


L  E 

^  ^  iZ 

•4*  O  lA  T3  — 

c  g  — 

Q  r  _4  g  «*. 

IJ  Q  .I  Cl 

X  4J  ^  L. 


L  15  4-1 

M  !9  ul 


C  '  lA  H 

o  eg 
IJ  X.  0-4 
E  J 
0-3 
E  Cl  - 


Ul 
u  t 
-.4  Cl 
*J  Ql 
It  o 


‘t  »T  TTa-T*^  -r-a-T 


M  M  a  -•  ■  i  M  -  -N  M  M 


»0  ►•'  M  Ki  -.  f'l  r-'l  .v-i  f-*; 


T  -r  -r  'I'  -T  ‘1  i 


a  -'t  - 


V  2  E  2  S  > 


«  Q 


^  S  5 

«M  M 

I  n 


a  i  a n a Q Q  a  aa^ 


s  ssiiiss  s 

^  .i4  MMi. 

?!  ?3 


a  a  s  o  a  a  a 


o-  S  -I  .N  *''>  >  8) 

5)  5  >  »  i>  g  rl 

M  M  M  M  ^  N  N 

rt  ►I  M  rt  rt  rt 

*'4  ’N  N  ’4  ■'4  N 


F4  <ti  C 

‘  L  U  5 
0  -  in 

4J  L  TJ  '‘‘I 
Ul  0  >ti 

j3  lA  O'  Ul 

IZ 


13  +>  O  'J‘5  3 

M  C  CO  4. 

g  g  E  -4 

-4  L  LL  3 

*0  L  U  II'  U‘ 

3  -V 

J 


U  0 

J*J  UT  0 

N  'N  4J 
lA 

Ul  ui  E 
•V  V 


■  I  M  ‘  J  ‘‘i  .  '■!  M  '  I 


‘•'i  ti  -4  Q  -M  -  :>i  a 


SS/S'SGSGiS/ 


Ci  Q 


^  I  «  ^ 


^  Ch  N  O  N  M  N 

aaep*^***^-**** 

r,  %  %  ^  ?i 


3-45 


UUl*  3.1-14.  BagJflB  I  -  Cntxal  Contaaloant  Patterns  (N  «  240,  T7%  of  all  Tact  44  Itells) 


i 


4-  Qi  01  g*]! 

0  ^  gi  r*ji 

CL  c  ^  I 

1  6  3  U»  I 

0  ‘I  0  *1 

z  tn  i;  H*  <1 


U1 

c 

•  C 

Cl  Ii 

*4 

■c 

p4 

£. 

C 

0 

U. 

■J 

.. 

'B 

•J 

JO 

A 

Ill  Cl 

O  4 

Chi  Cl 

■0 

C 

C 

c 

a 

C  'Ji 

if  mm  ^ 

31  U  • 

Hi 

’a 

M 

Q|  -1 

j-»  u  c 

OJ  9j 

t£ 

ii 

L 

L 

u. 

*• 

M 

C  nj 

»  UJ  ^ 

L  'ja 

'ti 

T5 

tJ 

0 

Oi 

c  c 

01  >• 

C3  «l 

■••«  >‘>1 

c  c 

c 

111  *4 

Is  1-4  -*4 

Cl  -j 

•4< 

JT 

<U 

•B 

'ti 

HI 

a  ^  u 

J  -  •'! 

C 

3 

ill  »• 

M 

•A 

i.i  111 

O 

0  U‘ 

73 

-*  !S 

f 

T3  E 

6  LI  >• 

r  <f 

■J  i!i 

» 

ai 

01  U. 

u  a 

Si 

01  a. 

79  -H  ^ 

''1  Cl 

3  C  3  •- 

>}J 

c 

■s  fji 

:'i 

-  n 

S  'J 

L  — 

in  3  E 

•D  .t»  Di 

*0 

L 

>*  ‘ 

0 

L 

£  ►  0  1 

C  4.>  U 

-  ifl  p- 

*5  !fe: 

■•4  n  r  0 

3  -J 

ll  Q  <11  ••  U) 

I-.  I  *0  dj  £ 

Q  9  V 

1.N  0  •■ 

\l1  \n  L  UT 

C-^  J.  *1  4J  1 

i:  m 

.i:  ^  .i.  Oj 

(j1  ja  Ul  T3  in 

Tl  m 


j.  U  U  9 
•J  -i  1- 
.^J  4J  •■ 

3  in  uT  >• 

1'  “  — 

ai  CL  Cl  -< 
J  Ti 
^  ►  U 

■M  'iTJ  ^  -*4 

in  N  1.  L 

m  r  0 

n  j.  -<  4J 

a  m  ^  Ul 

n  -4 

I 


II)  tu  c 

111  .4 

s  u  u  c 

•Q  a  4-- 

C  g'i  u’J 

•  1  ‘-I  ••  -T 

•  3j  C 

Cl  -L  'ti  la 

•J  in  tfi  Cl  cn 

i  ft.  -Tj  —  r 

I  “  u  j. 

I  t3  -J 

.  S  ..  .a.  t 

I  L  c  C  t> 

I  .M  Iti  Iti  ^  1 

I  vf  fU  Hi  i;1  <tl 

.  ‘ti 

w  J  “ 


Q  t-  -ti  lO  H  -rt 

U  ^  ill  -  H  *0 

Ii  J  J  J 


0  <•>  li  Oi 
•M  c  S  N 
.C  lj  L  C 
U  U  -4  l! 

c  '■*■  a 

>•  3  c 

-4  0  ID 

H  u  (U 
C  C  .•; 
U  0  3  V. 


li  0  c  c  c  c  c 

— 4  4.*  (t  0  •« 

Cl  >n  111  il  u  111  4) 

r  J  ^  3  u  u 


-  -  -  n  2  'H 

►-4  *-t  CL  ^  CD 

m  :3;  3  ^  r 

i  .  -  i 

►  r  •  J  Jl 

^  X  -  9  C  J  J  • 

ir.  -  f  9  -4  J  „  r; 

L  —  »<  '3  L  'CL'  +*•  9 

J  i  O  *4  ^  t  3 

M>  I  6 

•4*4  di  ^  0 

a  Cl  -  u  -  oJ  ^  ft 


T  *r  *r  ^  “T  T  'T  -r  r^i  '*•  "i  ' 


•3  3  O  Q03  3  333  3Q 


»♦.  ,.•>  r-'i  f'l  -  -,3  8  ?•'•  f’‘> 


••I  .H  '-i  «  •  I 


Q  3  3  3  3  3 


h‘i  Ki  \‘i  3  r*i 


Q  O  Q  D 


^  Q  a  1 


J  2  >5  S  3  ftSS 

rfatjiH  4«4  «>4  <44  v4p4«>4 

S  N  N  M  N  M  «N  N 


f  in^r^OD 

«4  *4  «.«  *4  *4  'N  N 


••4  1/1  C^  fi  -* 

4H  4i4  4P4 

Q  6  fi  9  fi  S 

•0  '0^44  ^ 

•N  W  N  M  N  N 


3-46 


T&ble  3.1-14.  Region  1  -  Central  Contaminant  lattems  (N  •  240,  77%  of  all  Task  44  Wells) 


, 

*■4 

Q 

s 

1 

1 

c 

Ol 

1'4 

1 

— 

in 

s 

0 

»- 

.•4 

c 

fl 

1 

>« 

.1 

•M 

z 

IJ 

o 

•3 

04 

_ 

1 

u  »• 

m 

•~ 

«p« 

»•'. 

X 

dj 

X 

g 

■Jl 

>“ 

» 

J 

I 

■m  X 

L. 

Lii 

i-i 

D 

J 

71 

Z 

o; 

01 

13 

4J 

I 

1 

-M  z 

X 

u 

i 

n 

e 

J; 

c 

J 

1 

•Q  £ 

X 

U 

u 

»■ 

■• 

J3 

•J 

C 

in 

01 

> 

Ol 

r-'* 

Cl 

1 

€  O 

■— 

•Jl 

•  >a 

3 

lU 

c 

••4 

o 

6 

ill 

1 

Oi 

M 

*■> 

Ui 

■  J 

u 

l_ 

Cl 

•M 

—  0) 

L 

3 

llJ 

•«4 

g 

Jl 

ID 

» 

r 

j3 

■g 

— 1 

■c 

in 

'J 

^  r- 

IT 

Q 

A- 

0 

3 

•J 

L 

m 

Jl. 

0 

OJ 

0) 

a 

g 

Oi 

•t 

\ 

It  a 

0 

►  x 

4J 

HI 

J 

c 

*0 

0 

X 

--  m 

M 

E 

■jQ 

<j 

j: 

•0 

UI 

U 

4J 

1 

s 

c 

•■ 

I  u 

m 

“ 

•p4 

-H 

a 

J 

0  it 

c 

X 

Z 

5 

.4 

c 

a> 

c 

'jl 

1 

© 

•tl 

s 

^- 

X 

L. 

Ol 

ill 

CJ 

X 

f 

lU 

e 

0 

v 

■fi 

U3 

1 

m  *•••• 

cn 

s 

r 

z 

e 

ID 

-M 

♦ 

•• 

0 

J3 

J 

m 

K’l 

a 

li: 

u 

jJ 

... 

N 

mi 

m 

u 

rv 

Q  01 

m 

13 

3 

<n 

^  IJ. 

0 

r 

u 

1) 

i.j 

M 

j-ii 

13 

0 

>4 

c 

C4 

3 

0) 

3 

t 

Z  X 

I 

r 

D. 

J 

i/i 

U 

J 

Cl 

--  x 

•  ai 

c 

ir 

-r4 

2 

**•». 

u 

0 

.— 

■J3 

•- 

X 

- 

7* 

m 

an 

u  r 

► 

X 

^  u 

-M 

» 

•4* 

* 

ID 

n 

» 

-- 

-H 

JL 

l-'l 

*■ 

ui  ‘J 

>. 

0 

c 

... 

u 

(t 

s. 

M  F-« 

I 

C  Z 

•a;  c 

'• 

I/I 

— 

c 

*  -n 

JZ 

X 

X 

— 

'  J 

J 

1.1 

Ol 

— 

oi  ifi  ui: 

0  -H  T3  ifl  C'Ji 

a.  c  ^  I 

•  £  I 

Q  -C  0  I?  *1 

2  wT  a:  -  t; 


in  in  L  ^  ■ 

I'J  •“  o  Oi  *0 

aQ  13  c  • 

Cu  »“  •>»  111  ; 

-  J  “  u  o 

UJ  ^  ^  -4  ' 

-J  X  X  E  I 

U  ►  O  ui  H  a- 

Ui  Cl  ►H  U 

i~  -I  -  a. 

OJ 

•  •  a  ►  *  o 

!ii  cn  u.  ii.  1/3 

^  ^  Ci  z  Z.7: 

J  ^  i 

:j  q  u 


in  L  • 

♦  I  ^  0  1 

cr  0  O  O  •4*  ^ 

I  C  Cl  o  • 

f®  >  4J 

►  cr  £  —  a  ; 

Cl  0  n  «•  L.  g  - 

13  0  g  Q  K  ‘ 

-  -  5^  dl  I 

Ju  U  I  O  L  0 

E  X  -  -4  0  u  C  ! 

^  jJ  £  4-1  0  *li  I 

^  ;n  -.o  <j  ui  ^  Qi  .< 

ai  -4  £  - 

ilL  X  u  u 


--  uj  u  g 

k.  -j  •« 

13  - j  u  -  — 

•  —  li:  -  ui  .r  I 

ll*  —  4-*  i  -H  >< 

.  a>  <n  U1  L.  3 

:  "o  lU  III  ■Q 

•  u.  a  X  ID  — 

>  E  —  01  .«3 

III  ID  ^  U  «  3 

I  >  O  4  a  -  13  Ch 

3  <U  £ 

1  _  !fl  *■ 

X  — •  X  'll  X  il 
-  5  ‘ji  -  E  a  X 
1  C  ^  “•  -4  ^ 

:  _]  3  ^  a  :^ 


X  .J  -  in  c 

••t  Tj  ;j  «  ID 

ill  e  u  -<• 

»■  »=  •■  iji  d' 

in  u  r  u  -4  c 

01-4  W  r«  iniD  --4- 

'1  ID  H-  0  *j  ai  . 

3  -4  u  a  ^  ID 

lO  ij  0  o  6  c  - 

Ee4Ui»0  '‘•Mill 

X  *.■  C  0  L  X  L  " 

ji  ii\  ri  ii  E  13  ’D 

U;  E  . 

X  -I  J  :l 


:j  m  cj  u  uT  u 

.  ^  I  'I  « 

t  >•  >  4-1 

r-  e  —  ,1^  in  in 

-x  c  -*  -M  m  €  u 

li.-'T/iU'TiQ.— 

I  —  U  'J  L  *J 

O  *0  -4  M  U  iC 

—  i.  ^  g 

«-  li  0  3  C  QJ  0 

.  X  -a  .4J  iQ  y 

;  'J  ID  m  ifl  li  Hi  u 

I  II  ,4  -4  w 

I  3J  r  X  U  r- 


N  :-J  N  -M  M  .‘-I  N  ‘1  "H  M  ‘-4  M  --I  M  .‘‘I  M  '.-J  N  .N  K*  -if  i  ;-4  -  '4  ‘4  *J  ^ 


^3  QiSQQ  Q  (3  Qaa  3  3Q3  3  3  3  -3  Q  S3  S'i-*-*'*  •*  ^  ^ 


Q  ^  m*  »*l  »  *|  »  ••  fl  Q  ft  -I 


.  s  r-i  3  3  r-^i  -4 


a  o  o  Q  a  o 


rv  CD  -4  4) 

m  (iD  *0  -0 

•0  3  ^0  o 

CM  M  N  '  * 


Ml 

If  in 

M3 

CD  rv 

> 

9  '-4 

*N 

CP  0)  QD 

ca 

Q  TM 

N 

y> 

<r  If 

s 

U  i3  3 

3 

5  - 

•M 

^  —I 

M3 

'O  'O  <0 

M3 

M3  M3 

M3 

Ml 

•0  -0 

N 

tN  :m  u 

:m 

.N  N 

M 

:m  tm 

O  -I  H  ‘I 


^  Kj»  IjT  O  ® 

®  2  i  2 

*•  3  O  S  S 

^  rv  IN.  rv 

,N  fM  .N  N  N 


X 

a  <1  <I  Q 


>  ^  K)  ir 

sisie& 

•N  S  h- 

N  N  N  N 


3-47 


] 


I 

3 


—*  j 
01  \- 


lU  U1  Ijli 

0  ^  *0  in  C'li 

a  c  ^  I 

.  6  3  in  1 

0  0  •! 

2  Cfl  u:  H  <3-1 


C  2 
0 

•M  -:f 

ifl  i 

U  ifi 

0  fi 


c 

IV 

01  ' 
-•  UJ 

u  ^ 

<J 

ijt  a 


UT 


Ql  0)  Hi 

c  ^  c  c 
m  c  c  c 
It  (b  <v  IV 
—  £  £ 


*3 

c 

Ifl 


Q 
Gi 
I  C 
0  “t 

0  ^ 

-4  3 

r  -0 

IJ 


0) 

u  ■«. 

§2- 


oj  r 

u^  -  in 

-  "’V. 

5  r- 


1 

:-4 

m 

0 

ij 

U 

U 

U 

il 

£ 

01 

X 

m 

1 

£ 

m 

0 

Oi 

H 

P  . 

0 

0 

0 

r 

r 

f4 

0 

mi 

0 

1 

H 

y? 

s 

M 

m 

>. 

01 

ly 

01 

U1 

r- 

■3 

3 

c 

1 

0 

4> 

•4 

— t 

*••4 

*3 

•X 

X) 

m 

L 

C 

c  ^ 

H 

1 

c 

Cu 

£ 

-1 

H 

H 

cn 

X 

■D 

T3 

?J 

H  TJ 

• 

» 

•J 

0} 

* 

p 

H 

a 

a 

O. 

3 

-• 

r 

c 

01 

0> 

•4 

Oi  01 

mi 

\n 

>v. 

c 

U 

0 

oj 

u. 

w 

o! 

*5 

C  - 

c 

-4  1^ 

'3 

0 

PI 

T'i 

Ol 

r 

H 

•It 

Jj 

'-4 

•• 

* 

i. 

J 

ij 

•1 

H  IJ 

Oi 

IJ  L 

3 

-1 

Ci 

c 

m 

—4 

■!}■ 

01 

Iw 

H 

Ol 

Ql 

_J 

T. 

X 

T3 

T3 

(i4 

Ol 

1/1 

--4 

■•1 

- 

'q 

Hi 

01 

X 

M 

H 

u 

•>4 

a 

£ 

•J 

U 

‘Jj 

■-H 

•H  >■ 

il 

.3 

fz\ 

in 

M 

P 

•J 

p 

0 

a 

0 

3' 

— 

c 

►.-'l 

LU 

<3  C  H 

i> 

;2 

0  -I 

•t 

ui  c 

1 

1 

«*' 

51 

H 

c 

J 

3 

■» 

•Ti 

m 

*• 

13 

L 

H 

P 

01 

■;i 

-.  Cl 

£ 

J 

Cl 

Ol 

til 

•V 

.u 

V. 

M 

0) 

Ol 

j1 

•3 

Oi 

■J 

.  1 

-  Jj  * 

ij 

IJ 

P 

>-  Tj 

- 

*  J 

3 

CJI 

Hi 

£ 

r 

'1 

£ 

£ 

£ 

£ 

r 

c 

4-' 

C  —  C 

r4 

-1  u 

>  u 

3 

0 

1 

0 

•1„ 

- 

£ 

-* 

O* 

O, 

Ol 

irt 

u 

'J 

-4  1 

J  -4 

t 

3 

£ 

—  ^ 

- 

O'  3 

•• 

-• 

:;  u  ^ 

Oi  0 

a-  >--• 
0  ^  £ 
IJ 

Tl  -Ti 
£  U  -1^ 
0  •- 


•J 

£i  •*.  V 
Zi  :n  ^ 
.1  01 

^  'fw 

C  •“  tJ 
•M  LtJ 

i.  J  - 


X 

_1 


c 

'P4 

I-  Q 


.r,  ^  .• 
U  "O  4-1 

•_  11  £ 
0  L“ 

4J  a  0^ 
ui  a 


^  TJ 
ill  ' 


ifi  nt 

m  m 


•o» 


^  —  0.1 
_  .  .  -t  a  - 

•!ii  u  IJ  *0 

i  -I  •* 


^  • 

£  Gi  fii 


s 

z  % 

U  V 


■J  X 


li  _  z 

'2  0  rz  ^ 

—•  0  3 


0 

ill 

C  -iJ 


0)  3 
u  m 

□ 


ui 

•V  Ti 

•D  w 

^  O 
'O 


c  m 

— 

*0 

,1 

r 

•b 

c 

c 

TJ 

1  £ 

c 

■3 

• 

L 

0 

C 

0 

0 

rj 

- 1 

0 

^•» 

0) 

.4 

It 

£  C 

c  s 

C  O' 

Oj 

in 

-4 

H  H 

u. 

H 

•ti 

H 

P 

H 

<11 

01 

01 

i. 

ill 

P 

-  J 

a 

.i-* 

4J 

M 

;; 

<Ti 

— 

•b  P' 

V  - 

*• 

a>  £ 

01 

01 

•  J 

fi» 

m 

>11 

Oi 

Oi 

£ 

D 

Oi 

> 

> 

> 

£ 

0 

£ 

ill 

•Jl 

a 

'J 

m 

u 

1^ 

0 

»*-  •!» 

.J 

Oi 

T?‘  .1 

p 

a 

z 

r 

m* 

III 

1' 

ni 

I1I 

r4 

r4 

01 

111 

a 

Ill  — 

_ 

lit 

— 

a 

a 

0 

■J 

■5 

J 

■J 

3 

X 

•J 

z 

7T 

a 

0 

X 

X 

J 

X 

-  4 

•j'i 

X  J 

•J 

-  ‘t 

Jl 

01  Oil 

^  ^  4-11 
«4  3.  mi 
0i  s  2l 
3  nj  -.1 

cn  ji 


H  I  u- 
-*  I  111 

>  mi  Oi 

3  o 

^1  31 
On  -iii 
■Pi  u: 
■Pi  Hi 
HI  tSi 
ill 

■■£  I  >4 

m  Cl  li 
H  Ol  Hi 

f-  -l-O: 

-Pi  C. 
0  Hi  Z 
-p  Cl  0 
-••X; 
Oj  Si 

>  HI  "«| 
PI  H< 

p  Cl  i; 
H  Oi  p: 
-  O'  c 
01  Ot 
X  lU. 


C  Ifl! 
Ol  H  PI 
P  U  «4l 

m  -  3 
p  $  mi 
m  Ol  On 
C  £  iXi 
0  U  I 
U  I 


--  -  C  A 


^•'J  r‘i 


2  Z 


f  -:*  r*; 


't  "t  'T 


*1  ‘J 


*1  N  '  I  '1  1  T  -  rf  *r 


3  33  SGQSQCS  G  QGi  SiOQSipSSQSoiGS  3 


rr.  -4  r*;  Q  S  Q 


S  Cl 


-T  *r  ^ 


1^ 


-41  o 


3i 

«i 


I 

I 

•r** 

I! 


Q  <t 


da  dQd  aSadcz 


N  N 

tf 

M 

KN. 

Q 

N 

Si 

iN  N 

r4 

M  N 

N  rt  in 

— ^  o 


M 


•O  ID  O'  r»  09 

S  ®  s  s  §  5 
s  s  s  n  n  in 
5  » 

■0  ^'>  >0  r9  .9  M 


M 

p 

s 

r> 


Qx  cro’^i^axQQC^oc) 


,'90CD-^CSI.- 
^  m  rt  >0  0  90 

Pi  Pj  fd  fO 


i. 

<E 


li*) 

•0 

C9 

!!? 


3-48 


di  c  - 

iZ  Ti 


N 

di 

>. 

Cl 

L 

» 

> 

>. 

1 

I/I  3 

M 

M4  1 

3 

UJ 

1 

a»  cn 

c 

«4 

r 

u  m 

-•4- 

Ul 

£ 

n 

Mi  £ 

Cl 

m 

pj 

u 

•»4 

-44 

•> 

>^0. 

2 

u 

t 

Cl  Mi 

3 

'J 

■w* 

(A 

m 

•9 

1 

-  D 

HI 

X 

m  c 

Ul 

— 

ij 

13 

Ul 

in 

.n 

Q  jj 

1 

*•  c 

o 

•M  -i) 

3 

w4 

m 

0 

0 

Ap 

^3  J 

1 

c  ^  c 

in  Of 

0 

1  u 

c; 

•b 

■3 

L 

a 

a 

•X 

1  -J 

1 

0  H 

I  i-j 

» 

L  Z 

ti 

UJ 

i: 

c 

-T; 

0 

m 

■3  9  -2 

1 

—  L 

c 

m 

iii 

01  a 

-3* 

-J 

— 

b 

„ 

a 

9- 

»■ 

0  3 

1 

•*  ill 

a 

tit 

£  u 

•3 

:j 

'*1 

m 

c 

c 

U) 

4J 

:i  ‘  •’1  »“ 

1 

C  li»  •- 

Cl  2 

r 

AJ 

0 

Cl 

»-i 

a 

Tr 

■b 

m 

X  It 

1  ri 

1 

Ul 

m  di  0; 

U 

3 

0  £ 

T. 

Ol 

‘J 

Ui 

> 

111 

Qj 

Cl 

— 

9  X  pj 

UI1 

<t  C 

5  3-4 

2  «■ 

■  V- 

3- 

•• 

'H  ^ 

m 

..4 

•>H 

p>4 

4 

c 

<t  £  -J 

4JI 

-  tJ 

2  r*i 

c 

-H 

r  -M 

— 

— .  -H 

I 

— 

il> 

>• 

ppi 

u 

u 

u 

2 

1^' 

-b 

•H  X 

Cl 

dl  Ol 

•  m 

■b 

u. 

3 

AJ  jC 

JJI 

a  V 

- 

ijt 

4-1 

]L  Zi  J 

Oil 

C  - 

Q  >  ► 

*  —1 

Cl 

■J 

tfi 

■-« 

h' 

-» tJ 

— 

'ji 

'4. 

-« 

u 

s 

>. 

f 

u 

L 

z 

Si 

0  IJ 

!«.  ^ 

T  z 

a 

0 

£  Z 

z* 

U 

o 

V 

lb 

T 

-i* 

C 

Cl 

r-« 

lb 

pp 

!lJ 

Si 

Ji» 

-J  -J 

u 

2 

-  Cl 

13 

z 

•_ 

•J 

p4 

—4 

c 

c 

'X 

-J 

ri 

2X0 

Ot 

*-  V. 

1/1  a>  v 

Ji 

■T. 

C 

r- 

Ul  -H 

r 

M 

4-* 

■r 

— 

□ 

ti 

lb 

1' 

■b 

'll 

•c 

X  J) 

Di 

0  - 

4  -r^  O 

•J  »* 

111 

•V. 

o- 

— *  s 

z 

tJ 

u 

0 

„ 

3 

4-' 

'J 

U 

n 

u 

f-j 

3 

w 

3 

-2  £ 

1 

•♦•  c 

3  2 

IL 

in 

m 

U 

— 

«• 

.J 

C 

..4 

■  n 

c 

u 

X  2  X 

1 

0 

^  r 

"  U 

‘p4 

Cl 

C 

T3  Ul 

m 

iC 

JJ 

4 

■U 

U 

p4 

L 

L 

Cl 

Qi 

► 

3 

13 

1 

+-■ 

•t'  >•  Z 

'•■  jTi 

I 

-  0) 

a 

C  Ol 

'9 

'JI 

ul 

•;i 

0 

0 

3 

9 

J 

0) 

a  •- 

1 

a  M 

>  — I  — 

-M 

- 

C!  4J 

■11  > 

•*1 

2 

- 

■X 

■D 

A-' 

-J 

ij 

■3 

3 

|p4 

22- 

1 

— 

■ll 

4J 

ifl 

>- 

-• 

-4  Ot 

r 

a  2 

m 

•  •- 

Ul 

m 

L 

m 

L 

r'.' 

•a 

in 

X  c 

1 

IJ  -« 

z  m  2 

2 

m  <c 

m 

c  -* 

9 

-u 

1 

u. 

-H 

C 

•H 

D 

■• 

g 

1 

»  ■  J  *4 

1 

(Ji  u 

2  U 

4J 

Cj 

iU 

O 

-• 

4C 

cn 

c 

£ 

£ 

£ 

■s 

M 

m 

2  2  u 

1 

ili  C 

•H  -M  »* 

rn 

0 

»• 

Cl  c 

•n 

•>H 

2  2 

<f 

'  *• 

Mi 

*.• 

J-*i 

•44 

r'l 

ri 

•9 

•9 

m 

Wk 

X  13 

1 

H 

■  C  LL 

•  -0 

m 

> 

c  m 

c 

0 

<.« 

.ll 

L 

•» 

J 

-H 

M 

in 

c 

ij  f  — < 

1 

0  r 

LU  >Ii 

•> 

Cl 

0 

0 

4J 

»  ^ 

2 

JZ 

—4 

•J 

13 

C 

C 

u 

C 

J 

Cl 

■p^ 

2  UJ  Cl 

1 

>.  A.'  4-1 

-1  .- 

'UJ 

r 

> 

•tl 

Ul 

•i 

Z 

■»i 

C 

■tl 

z 

■5 

I 

X 

ll 

iii 

1 

tli  z 

V  m  2 

■J  0 

2 

u 

•u 

CT'Q 

-  ^ 

_ 

:].  - 

r 

J 

lb 

'i‘ 

Ol 

•11 

<4l 

'U 

'^1 

iJ 

X 

U 

> 

13 

**  J  13 

1 

'll  -H 

X  Q.  ^ 

■rl 

tji  1, 

0 

m 

c 

M4 

M 

p^ 

P4 

ill 

in  -J 

1 

J  2 

>  I 

-  '/I 

2 

J 

z 

tr  r 

> 

2 

z* 

2 

2 

l_J 

J 

Li 

J 

2 

Z 

X 

z  — 

Mi  01 

U  Cl 


L 

•4J 

1/1 

c 

0 

u 


nil 

iTl 


T  rr 


‘I  '  i  *1  -  I  *'J  'i 


*1  '-I 


‘f 


't 


1 

1 

Ol 

Ot 

ul: 

r-l 

1  0 

4H 

X) 

m  '  ll 

3 

1 

9* 

x  1 

2 

W 

3 

m  i 

10 

tl 

0 

m  *1 

4qi 

1  z 

cn 

X 

W  ^1 

■3 

1 

1 

L! 

c 

1 

a*  ci; 

1 

p^ 

4J1 

a  mi 

3 

1 

Ol 

S  3' 

1 

1 

1 

a 

m  -ai 

in  u  i 

0 

1 

1 

1*01 

P 

1 

1 

•% 

1  3! 

1 

> 

iHi  Ol 

0 

1 

3 

Cl  LI 

1 

-H 

l:  O' 

(M 

1 

till  U.I 

» 

c 

•LJi  u: 

H 

1 

0 

4J1  m, 

Sc 

1 

■•1 

T 

mi  2; 

i 

Ml 

Xl 

1  >i 
Zl  L! 
0!  H: 
-1  til 
Cl 


w  Cl  Qt 
-i-Jli 
Hi  €. 

>  mi -Hi 

•-4  4J|  Hi 

Ml  C  L: 
ti  Ol  -i^\ 
•H  U!  Cl 
Ol  .  1l> 
i:  i:Ji 


I 

n 


I 


I/I 


C  -H  U)t 
di  m  vt 
U  <^1 

.«  z\ 

6  I/ll 
m  lu  di: 
c  j:  cci 
Q  O  I 
J  I 


H 


•9  >3 

^:l  ?•*! 


Q  O 


N  CD 


S'3  339  99  -9Q  9  Svd  -9-9  9  9  99  9  9  9 

5»  '■>  r-t*  f-t*  "}  --ti  —  Ki  r-*i  ^'1  f>  S  •*•  '■•I  -9 


■Z 


0. 

«'£  Q  Q 


<t  t  o  r 


o  c  o  c>  a 


a  2 


0. 

si 


't 

3i 

4  « 

M’l 


9 

S 

<0 

*>■*1 


O  N 

♦4  v4 


n  'f  0  ■'  0-  -• 

^  M 


4  4  4 

*•■*1  r'*^ 


^  4 


C'4  >  1 

N  irt 

«H  «4 

^  m 


3  9  9 


uii 

^1 

I 

4Ji 

mi 

Oi 


i  <t  1 


H)  f') 
%  rv  ^s 


f/>  KO 


3-49 


ftUe  3.1-14.  Region  l  -  Cen^jral  Contanlnaiit  Patterns  (H  -  240,  77%  of  all  Task  44  Hells) 
(Continued,  Pa^  8  of  8) 


1 


a 

C 

J 

1 

X  • 

1 

•• 

'4, 

'M 

1 

n  *— 

o 

*0 

, 

1 

Ui  ilL  ^ 

cn 

1 

U  X 

Ol 

X 

I 

J 

Xi  u 

X 

.,1^ 

».‘i 

V> 

1 

Q  O 

tj 

13 

2 

1 

»•  ^ 

J 

X 

1 

UJ  •« 

I 

c- 

X 

U 

1 

Ifi  C3  O  L. 

' 

U 

■X  Q  -0 

« « 

•iJ 

f 

m 

•J  C 

J* 

» 

uU 

0 

Ml 

M 

a  •“  0 

Qi 

J 

9 

X 

CS 

H 

c. 

X 

r 

■J 

il*)  UI 

UJ 

Oil 

€ 

^  -mt  » 

ili 

".‘i 

-- 

X 

_i 

C; 

0 

in  L  c 

►  1 

•  0 

LJ 

ill 

L 

Z  "0 

< 

a 

u 

'■J 

»■ 

.J 

9  x 

r~ 

Ol 

'll 

O 

'1' 

X 

C 

X 

t"  — 

□  l 

**  ft-  Xi 

3 

J3 

J 

9 

*af4 

J 

r 

1 

IjJ  -4 

-X 

L 

X  *• 

s-'l 

1 

•'i 

Ol  *  liJ 

3 

U 

#■ 

»■ 

:•! 

'3 

• 

2  UI 

1 

O 

M  3  •-* 

13 

v4 

a 

C 

C 

1  jTi 

—  UJ 

■J 

1 

to  U  3  13 

S 

t 

a 

■0* 

■M  ^ 

3  3- 

•ti 

•3 

a  J 

X 

1 

2 

-  'S 

'a'J 

Q 

L 

is.  rt»  .* 

— 

0 

u 

'T 

H  ^ 

U  U1 

0  m 

J  - 

-♦  0 
^  eJ 

m 

3  a 
> 


0  I 

I 

jj  cn 

-4  >J  Ci 

"H  2 

aj  ^ 

2  4.>  Ci 
Ul  Dl 
C  lCI 
Q  I 
U  I 


^  dl  IT  \A\ 

0  ^  T)  t/l  fSl 

a  c  ^  I 

•  e  3  tn  I 

0  rc  Q  iXi  ti 

z  u)  tt:  I-  ^1 


VI 

Oj  Oil 

^  4J| 

*-«  a  uii 
Ol  €  31 
3  c 

'J)  Ul 


■dl 

ui 

-J 


5  - 
uJ  ••  ‘J 


ui 

't 


u 

•J 


•*.  Ill 

O  C  ' 
Oi  o 
rj  T 

4J  C  - 

a  '^1 

ii!  a  :u 


U  *“ 

1 

Q 

X  N 

X 

X 

X 

9 

1 

X 

Q 

ui 

0  15 

X 

.. 

a 

.. 

uJ 

2  0 

X 

2 

fii 

0 

2 

X. 

iiti 

'3 

J 

• 

T 

■ii 

-•  iN  %r 

X 

Q 

i> 

a 

X 

s 

■‘-J 

X 

-  iO 

r 

pH 

wi 

1.-1 

f-4 

* 

> 

X 

.* 

• 

" 

•  > 

«r 

• 

.H 

X 

t 

a  u 

X. 

x 

a  E 

a 

'J 

t) 

a 

0 

a 

a 

0 

a 

0) 

ro 

a 

J 

r; 

~ 

*. 

X 

X 

—i 

r: 

■X 

a 

X 

iL 

D 

X 

n 

X 

•.  J 

X  X 

X 

.J 

X 

iXi 

•I. 

X 

X 

X 

►  i_3 

r 

*■ 

•> 

n 

»■ 

* 

» 

X 

•• 

<J 

2 

•li 

2 

c 

r  -1 

«- 

i: 

0 

X 

Ol 

Hi 

X 

_3 

X 

a 

UI 

Ul 

in 

I/I 

UI 

IJ1 

in 

■n 

U) 

<— 

m 

■Jl 

U'l 

— 

—  m  Z 

in 

a 

»4 

u 

u: 

1 

-I 

(E 

a 

t 

E 

a 

a 

•t 

rt 

a 

•J 

a 

a 

a  ;r  a 

a 

■X 

a 

J 

a 

1  1 

-J 

■sJ 

a 

a 

n3‘ 
I  Ci 
i  3i 
tfll  Ol 
Cl  u 
LI  *31 
Oil  jCi 

•Ml  ui 

•PI  iCI 
Sil 

I  >* 
Cl  LI 
Ol  itli 
•-^1  131 
•Ml  Ci 
'51  3l 
Cl  Ol 
**1  -JDt 

€l 

m 

Ml  i^l 
Cl  LI 
Ol  Ml 
'Jl  Cl 
I  dll 
lUl 


M'  I 

S-  U»l 

(Q  4.11 

M  U  ^1 
U)  -M  31 
•M  S  i/ll 

I/I  Qi  Oil 

S<c  iXi 
U  ) 
U  I 


'♦•I 

•Ml 

SI 

<CI 

i 


iSa  3QSQ‘3GlS3eS3Q  3  3  3  3  S3 


».'i  f/,  f.-*,  r-*.  f/f  ‘  -f  r'l  Ki 


r-t'  K*  *%«  (••*»  f  t*  :t»  /•“'  :'f  K*  hti  f-'‘  >'’»  f  ti  r-!»  ri  (•’.»  fO  f-’i  ?•’,» 


<I  1 


-  Z  2 


iL  il. 


-  -  Z  . 


2 


►<)  S  C-J  H  til  OB  0-  S  «  N  tO  4- 

S??RRi?t2SS3;3?S 

y>  ►O  ro  fO  »'t'  '*0  *<1  Ml  rt 


S  S  S  S  S  R  IS?  S  |£?  R  R  R  M  S  S  t?  ^  ^ 


rvrvfN,i<txN.f\KfNf>»r^r'  NNfN'^.NKP^ 
ro  M  M)  M)  KO  n 


] 


HI  IT'  GDI 

0  T3  Ul  r'^l 

Q.  C  ^  t 

J  §  3  W  I 

0  li  0  ^ 

Z'Ji  ^  i- 


-«  n3i 
•C  I  Cl 
'«  I  31 
>  'ill  Ol 
3  Cl  i.* 
-  ^1  31 

>H  111  w:i 

c  o:  4Ji  ui 


0  *1}  Oi  H! 
-j  - 

<i-'i  Ci 
-♦  0  'Xil  3 
CJ  Oi 
ft;  .^1  III 
3  Qi  €i 

>  -Xi 
•PH  4Jl 

*J  Cl 
X  Ol  4-*! 
—  U1  Cl 
Hi  I  Oil 
X  I  -Ji 


*J  I 
C  Ull 

dj  X  4Ji 
^  U  ^1 
U1  ■•*  3l 
€  'ill 
in  Ol  Oil 

j5“i 


4-1 

-4 

di 

X 

•44 

Ki 

r 

—4 

rO 

jT 

4-4 

<ll 

u 

11 

u 

tS 

«* 

C 

U 

4J 

X 

•c 

c 

11 

Q 

b')  m 

c 

Ql 

•U 

L 

.  m 

00 

-H  iB 

-c 

tZI 

X 

*0 

5 

►^1 

0) 

» 

aJ 

01  - 

u 

UJ 

44  OJ 

J 

-J 

u  u 

u 

u 

a 

IT 

— 

.44  .-Ti 

mu  j£ 
c  L  c  *3  in 

0  -•a  X  c  X 

g  m - 

-H  4i  u  0.  •»• 

c  S  r 
»  c  I  x  - 

c  X  m  j  dj 

X  CO  c  r  c 

Qi  g  u  Cl 

0  tn  X  t  j 

g  X  ijj  X  u  ^  c 

•>-  .44  3  'll 

>  oj  X  !-  in  ^ 

•4  c  a  ••  0  I 

-H  Ol  c  4J  a  • 

X  N  X  ui  t  u. 

Cur  *•'•  ‘]t  -H  'j 

‘T»  'V  — ^ 
111  m  a  u  j  'j  a 
^  ‘ti  z  0  cr 

<j  a  g  z  a 


I  •Pk  » (J  c 
r-O  O  X  C 

P-,  3  -  . 

I  U  -I 

I  I 

U  Ui  ;lJ  L 
J  •  j  ■. 
I  .k|j  -  k 
I  Q  CC 

.  s  -  “ 

uJ 

'•  U  . 

I  uj  4-1  a  : 

-J  u 
u  a  *• 

I  CC  D  t 


-•  dJ  LU  -J 

L'  g 

0  -  -  a 

C  dJ 

IJI  •  X  » g 

—  Jj  di  UJ  4ii  g 

a  g  -  J  w'  u 

3  u  Cl  a  -  . 

0 

“  C  ►  ^  4  ^  #k 

CO  CO  CO  3  dJ  . 

»►  rCi  K'  '-^i  '  ^ 

r  'J 

1  -  g  g  g;  i:i: 

lu  ji  m  i»  -ji  — 

-H  X  '5  1.  x 


’  ■  \  T  't  -T  ‘T 


Q  Q  G  *4  G  4., 


M  '4  *-4  f^i  S  fO 


M  a  a  ~  a  «  n  q-  ^  r.^  ,-.j  ..,  «  ^  s  ..,  „  .,,  _  ^  -  a 


3  f-0  3  fC*  i3  K*  ro  fO  S  S  ©  S  ©  '"i  Q  ►••i  G  s  a  G  3  r‘. 


:<  ::  >t  x 


•Hi  <t  Cl  Q  ^  «  <C 

H 


p|  gs  sss^ 

SI  SSRH? 

ir  s  a  a  s  s  s 


<t  <C  1 


ii  .1  tr  .-r  « 


SCBp.  V-k  4‘;xa 

9  "  S  N  N  N  Ki 

saa  aa  sas 

©SO  ©9  ©OS 


iN  ^ 

w  N  w  in 

4  o  9  •«  m 

iN  ♦v  O 

^©09 

O  ©  -<  -H  -4 

■N  C'<  '4 

©  © 

S  ©  ©  9 

©  9  9  S  S 

©SO 

•t  1* 

X-  C?  Ch  •> 

0"  «>  >  Ch  ? 

S  CO  3 

O  © 

S  S  S  Q 

©  S  9  5  S 

N  -  4 

i 

4j  m 

£ 

CO 

■13 

•li 

u 

Tt; 

£ 

1 

C  -u 

CD 

Cl 

►1 

>» 

-rt 

V 

! 

m  .M 

»■ 

•B 

•J 

• 

U 

r 

T3  £ 

m 

IJ 

OH  ^- 

* 

lJ 

"D 

4^ 

1 

c 

j: 

■0 

-H 

£  m 

m 

m 

-1 

0J 

lAl 

3  01 

m 

c 

u 

<0 

u 

m 

0< 

•1' 

a 

*J\ 

£  13 

3 

0 

•  — 

«  c 

CiC 

Ci 

ti  -H 

— 

0 

4-< 

•? 

1  v 

U  H 

— 

U 

liJ 

Oi- 

U 

m 

o  •• 

«» .' 

Q  u 

_l 

u 

Hi 

C  -H 

c 

c 

ij  r3 

r 

0 

i'  ■ 

rti  4J 

jj 

di 

M 

£ 

j.'  ti 

^  i. 

111 

J 

it. 

O' 

11)  UI 

uJ 

-J 

m  m 

•U 

.M  .T| 

■J 

Oi 

a; 

QJ  U 

•*■ 

rS  ^ 

'H  £ 

£ 

•» 

— 

•• 

■” 

1 

u  a  J 

'£ 

3 

C 

-  u 

U  £ 

c 

“ 

0 

— 

— 

<n 

0 

-.•  f 

•Ti 

at 

•»  >» 

>  > 

c 

-J 

Oi 

-•  •• 

o 

•H 

ii  •■ 

•1 

•H 

hi 

Mf 

J 

£ 

J 

r 

iMt 

z  ui 

J4 

)J1 

u 

p>4  ^ 

L 

m  £ 

u 

•B 

M  •  J 

-I 

at 

«J  ti 

fO  i;; 

■m4 

‘U 

£ 

U 

Q  Q 

mm- 

-■ 

» 

X  U 

u  u 

UI 

•> 

•• 

■H 

OB  K' 

•J  ^ 

H  -H 

‘B 

>03 

11 

CO 

CD 

“  ■£ 

u 

lU  •■ 

r 

■  r  m 

K«  ^ 

u  u 

•H  r*  • 

M 

*•*1 

•‘I 

r  J 

Lk. 

0 

U  111 

uJ 

C  4* 

■J 

»  0 

c 

Q  0 

<ti 

:2  ~ 

•iJ 

4J 

ti  ^ 

J 

iB  H 

•jii  X 

IL  4ml 

01 

Cu 

c  ^ 

dl 

m 

L.  CJ 

£ 

QJ  £ 

m  cj 

O  iri 

01 

m  m 

u 

0)  UI 

£ 

m 

m 

0  v 

Oi 

•*i 

(£. 

01 

iXl  H 

mM 

■m*  -*« 

kCl 

■B 

B 

•B 

X 

J 

— 

a  X 

wJ 

I  X 

£ 

— 

— 

— 

5  5 

X 

M  M  N  V  t  f  ^  t  ^  i  f  :• 


lA  03i 
0  Ta  w  f^i 
a  c  -a  1 

•  6  3  i 

Q  nj  Q  fO  •! 

Z  U3  li  I-  ^l 


di  Oil 

0^  •*  AJ\ 

-4  a  u^i 
rV  €  31 
3  fO  -( 
cn  ui 


a  f'i  a  •H  ^ . 


a  K'  b-y  a  f  v  s 


Q  a  a  a  r'l 


r-^  a  a  w  a  a  a 


>  mi  O' 
3  Cl  UI 
^  O' 

^  iUl 

3  'I  *Ji  U- 
0  4J|  Ti; 

^  't  <ti:  .Xi: 
Cli 

1i  -i  I  > 
U  lA  Cl  UI 
0  Id  Oi  >di 

J  -  -I  tJ[ 
jJt  c 
-H  0  'BI  31 
^  -M  Cl  O' 

Qi  HI  2ii 

3  01  €1 


0(  H  -u; 
><->  U  <m| 
lA  H  31 
H  6  m< 
m  OJ  0; 
C  £  CCI 
0  U  I 
U  i 


>  Z  >•  V  5- 


^  Cl  il 

S  ^  Q  C 


o  a  ^  a  <x  Q  <x  <!: 


•  2  N  *0  <0  m 

i  I  I  i  sp 

il  W  M  >0  M  rt  M 


4  »■  M 

in 

N. 

£ 

SI 

a  i> 

Q  t2  4 

h* 

hI 

U3  m  -♦ 

S  S  » 

08 

m 

tn 

1^  w 

M  ^  ►} 

n 

Si 

'v  pk  **4 

M  M  KJ 

fO 

(Ct 

^•3  u 

3-52 


] 


1 

1 

1 

1 

L 

g 

>. 

1 

t 

>. 

Ol 

di 

1 

€ 

1 

1 

11 

'J 

; 

1 

u 

H 

•H 

1 

•  >4 

C 

- 

0 

1 

L 

0 

-~4 

•H  0 

M 

1 

0 

»• 

!P 

£ 

1 

4J 

•• 

dl 

* 

j3 

1 

c 

IT 

c 

u 

Jj 

C 

C 

01 

1 

di 

•  M 

C 

in  -ti 

•c 

di 

r 

1 

01 

Jl 

111 

u 

'U 

III  Cl 

H 

kr. 

U1I 

0 

0  ^ 

ri 

•Mi 

u 

r 

u 

in 

Cfc 

ij 

J 

1 

Cl 

4J 

•p 

w 

QJi 

>• 

tn 

*■ 

> 

*0 

£ 

-H 

iJ 

.•c 

c  ^ 

-.1 

C  ■“ 

•ll 

€1 

0 

t  -- 

■0  Ti 

H 

0! 

di 

/: 

c 

d' 

kr 

,« 

ill 

Ti 

•il  -ll 

Jl 

u 

••«* 

;j 

c 

-1  — ■  -.1 

-J 

■J 

5 

1 

•M 

■II 

.•4 

-1 

•J  -M  — 

■«« 

U  'J 

> 

1 

L 

u 

•C 

w 

oj 

jI 

_i 

•ll 

! 

1 

0 

uJ 

0 

— ■ 

>- 

N  D 

.M 

0 

>-  V 

3 

4J 

1 

•M 

a 

HI 

•M 

<ll  -« 

di  i*' 

1 

I/I 

l/l 

u  .C 

—  TJ  III 

m 

M  ... 

•p 

I 

^- 

'Ji 

1 

•fH 

u 

L 

(H 

111 

Hi 

-0 

•0  ..  .•« 

■«4 

t;  t! 

0 

Ui 

1 

£ 

Cl 

0 

J2 

C 

ii  1. 

J 

•J  ^1  ^ 

u  u 

9l: 

«1 

1 

c 

c 

c 

<ii 

C  -1 

-M 

»-4  -M 

l; 

u 

i 

1 

•H 

•H 

li 

■  • 

N 

01  w 

^  »* 

li 

«•. 

• 

<Tj 

1 

c 

c 

c  c 

6  C 

c 

£ 

0/ 

C 

2 

C  C 

C 

-3  3 

0  IP  •; 

C 

0  0 

c 

c 

Ol 

3 

! 

fG 

di 

iG  <t> 

<ti 

Itl 

1i 

Hi 

t  Ti 

'll 

-J  .i(  G 

H 

t- 

•J  .-' 

T* 

'll 

1 

Ql 

Qi  Hi 

QJ  H 

Qj 

ai 

u 

HI 

43 

'll  -li 

HI 

Hi  :li 

1/1 

ui  a  -ll 

a 

Hi 

in  iP 

H 

■J 

Ol 

1 

•^ 

C  -♦ 

c 

•M 

c 

i 

J 

•_1 

u  u 

Cl  O 

u  a 

J 

Jl 

5  =* 

- 

“  -- 

J 

X  r 

J 

■J 

□ 

Jl  6 


I 

jl 

1 

'01 

•G 

1 

'-t 

1 

3! 

t 

> 

iPi 

0* 

3 

C 

Wl 

W 

01 

•.H 

OP 

It 

4J| 

ul 

1  c 

dli 

1  0 

iGl 

JEi; 

1 

0.1 

I  M 

.K 

1 

>! 

1  ‘G 

UI 

ffl 

Ll 

‘  y 

D 

01 

Hi 

i  0 

•p^i 

*01 

4.>i 

i-j 

0 

«ri 

3i 

I  ^ 

jj 

m 

01 

! 

...I 

3il 

1  a 

Hi 

€1 

13 

> 

<1}i 

^1 

■H 

•4.11 

Ht 

•M 

1 

Ll 

<ti 

Oi 

•wt 

.N 

Ji 

Cl 

H 

1 

HI' 

CC 

1 

■Ji 

iJ 

1 

c 

iPI 

Hi 

<G 

■Ml 

4J 

‘J 

~ll 

IP 

•M 

31 

$ 

IPI 

IP 

HI 

on 

c 

r 

CCi 

0 

a 

1 

j 

u 

1 

-<  U  C’ 

<li  L 
3  4J  Ci 
UJ 

6  ""i 

j  i 


Oi  1/1  Tt 
H-  -  •  ta  I 

0  a  c 

€  Z  ijii 
•  t  0  (tii 

0  X  -1 


N  *r  *T  -r 


«4  r'^i  •*;  ‘-':i  t-:i  r'l  , 


Li 
Or  HI 

a  till 

e  31 


1;l 

•mI 

SI 

<tl 


01 

1:1 

I 

d 

n 


Cl<t<IQCl<IQ(I 


X  a  <i  o  u 


N  1^  2  10 

1  ^  M 

§  11 3 1 

issi 

^  w  2  w  2 

1  rk  t%  A 

9  9  9  S  S 

9  9  9 

in 


M  <!■ 
S  9 
S  § 


M  ro  ' 

S  9  I 


^ra 


y» 
Q  Q 

?? 


t  a 


u. 

<c 


UI 

N 

> 

\n 

•4 

9  *** 

Q 

a 

a 

*•*! 

3 

N  sO 

?  ^ 


bK pi  and Cl  on  bey  far 


I 


iX 

in 

0 

£ 

g  Cl 

e 

m 

Cl 

lO 

-ego/ 

tJ 

11  o* 

0 

_C  M 

mo  L 

Cl  ^ 

c 

j3 

■M  C 

c  m  g 

a  — 

^  0 

ri  a 

Cl 

Cl 

V  *-» 

3  Cl 

ii  4J  - 

z  a 

£  ij 

ai  g  -I  'll 

0  3 

ID  C 

3 

*J  g 

a 

jJ  U  QJ  — 

L 

c  g  +j 

0  c 

n 

s 

M  0  i 

T 

g  k.  c 

k.  - 

5  T3 

g 

g  lU 

t  • 

Cl 

■l« 

a  '0  2 

>.  €  -»•’ 

"<!  -• 

in  ill 

1)1 

^  c 

«  u.  L. 

Cl  u 

m  k. 

lU 

3 

U 

u 


V  Ui 
3  ^ 
U 

♦  tJ 
-  Oi 
u  ^ 
Q  & 

•o 

■iJ 

£j  0 


ilj  jj 
>  H 

^  3 


Oi  Oj 

^  3 


0 

a. 


0 

a. 


3 


^  3  -< 
3  Oi  13 
•C  3  w.  L 
C  a  -u 
-  C 
•5  .  U  01 

■U  CT  O 
«.*  C  M 


a 


u 


iL  ai 
>  L 
C 

u  •;! 

rC  a  ... 


<n  ill 


J3  • 

<1}  c 

•M  0 

fX  ** 

111 


•J  iti  M 
U 

>n  m 


rj  0  3 


*-  Jtl  JD  6 
-  TC 

Oj  Oj  I/I 

2  X3 


C 

0  c 

LI  0 


CO  -H  'D 


Cl 

a  m 

1)1 


Hi  3 

III  ^ 

Oi 


Cl  Cl 

—I 


.  4->  jJ  'li  t 
«i  >:  %  -* 


I  J)  £ 
€ 

O’ 


in 

V 

o- 

TJ 

■) 


L  ^ 
Oi  ui 


'..  c 

3  ■: 


Oi  u  0 
Cl  Q  Ol 

,1  T  t' 
Cl  a 
O  43 

>  0  ill 


III 

>  in 

•Q 

il  Cl 
L 

>  lU 

r 

II  3 

ini  •M 
•Ml  c 

-ti  Ci 
Dl  4J 
I/ll  I/I 


0  ■ 
—I  U 
3!  .  4J 

I  'g  ^- 
^1  Cl 
I  •»••*•  !3 
*1-*  0  *3 
m:  3 


ig 

c 

«g 


,..  -  UT  .. 
•gi  IT  4J  •■*  u 
—I  Ti  •+- 

.!  C  C 

4Ji  ii  Si  £  £ 
I  ■<  U'J 


in 

0 

•■g 

u 

'P4 

V 

c 


c 


in  -g 

ig 

!  01  Ql 


Cl 

iQ 

3 

Z 


U  fc.  CT 
3 

U  <11  Q) 

£  4-' 

l/l  —  *5 
C  U 
0  •- 
:j  •  xj 

c  c 
HO-* 

01  4-» 

Cl  U  0 


in 

L  0/ 
Q  j 

0:  % 

Q 


o 

g  c. 

0 

•g 

. 

u 

c  •  m 

*j 

••• 

>  ^ 

2 

c 

c 

g  m  c 

■ 

0 

c 

0  I 

0 

0 

L  *H 

ui 

Cl  c 

M  ■••« 

C 

c 

■<H 

4J 

-  Ill 

c 

G  -• 

■1 

g 

0 

1 

O' 

U)  Cl  -M 

k. 

■  M 

111 

-  c 

—m 

• 

Cl 

c 

m  2 

'U 

V 

0 

4^  0 

4^ 

■3  m 

k. 

G 

c.  g 

111  0 

a 

C  .H 

•t> 

c>  c 

4J  >. 

iJ 

t)  c 

Ol  4J 

e 

0 

•J 

L 

•g 

0) 

4-»  U 

u 

UI 

-m 

g 

^  g  4-1 

a 

in  111 

a 

0  3 

0 

•4  ^ 

u 

0  *0  c 

-H  L. 

a  w 

«♦• 

g 

r* 

0 

-*  c  g 

r 

u 

Cl 

4J 

c 

-<•4 

u 

3  c 

u 

L  U1 

c 

'.I  m 

•e  > 

HI 

01 
T.  L 
tl  £1 
in 

_  -v 


^■ 

jD 

g 

> 

gi  0 

0.  c 

m 

•D 

4-* 

c 

g  c 

4-* 

Cl 

• 

•m: 

0 

c 

•  p4 

Cl 

2 

TJ 

L  u 

0 

11 

Ci-^ 

4.>  U 

Z 

c 

Cl 

•4i 

m  n 

T3 

Cl 

Oi 

c 

•0 

oi  g 

c 

Cl 

•H 

Cl 

•e4 

2 

c 

0*  g 

0 

4-  0; 

■H 

•Jl  Cl 

g  'll 

*J 

>ll 

d 

£ 

g 

c 

m 

.M 

0 

-  L 

II 

u 

1  L. 

c  c. 

2 

4-» 

g 

L 

o»  0 

4J 

•ll 

3  g 

-n 

-ii  ig 

•H  4-1 

g 

u 

i-i 

c  -* 

G 

flL 

3 

T 

z 

gi 

1= 

a 

Cl 

in 

2 

in 

c 

.4  4.' 

>11 

0 

g  ill 

:n 

-1  Cl 

g 

r 

Or 

0 

1^  m 

6 

£ 

O' 

'J  • 

r> 

Cl 

>1  z 

4^  Q 

4J 

4J 

.14 

' 

e 

•  ■4 

C  Cl 

01 

H4 

c 

e  g  -H 

in 

a 

3;  K 

C  u 

c 

eH 

0 

•« 

4.1 

<g  3 

-4 

V  J 
0)  Q 


m 


u  • 

0  o3 
:4 

m 

o  - 
c 

3 

a  m 
g  g 

0  I- 

u 


a 

m 


3 

0  g 

L 

0 

u  a 

r'l 

^  U 

'1 

a 

2 

Cj 

0 

4-  m  TD  'J  m 

G  m 

a  ct  3 

u  z 

4J 

•jC 

k-  > 

0  C  ‘l  Cl 

*4  a  k. 

g  2  L 

-t  r 

•M 

•J  3 

G  >4  4.  -.H 

^  ll 

G 

c  -y 

1-  -ii 

c 

in 

> 

C  U  4.  0  L 

Cl  .4  a 

G  a  m 

0  10 

r* 

in 

1. 

c  .4  g 

2  -4  ui 

«r* 

•44  0  C 

h- 

•r-  <g 

'T 

4J  in  4J  o 

Cj  3 

ll3 

•u  0 

in  -r 

m 

0 

> 

4J  G  m  c  c 

^  2  - 

.) 

I/I  >  u 

-  4.0 

«-4 

n 

II 

c  g  Cl  3 

U 

Cl  a 

X  3 

•-I 

£ 

a 

V. 

m  ^  -»H  0 

Oi 

<► 

3  >4  0 

ll 

3 

0  x 

g 

0  ui  u  TJ  a 

•  C  'O 

t 

Ow  a 

•0 

2 

c 

44  <I 

s 

a  g  g 

k.  0  <l 

g  a 

*  k. 

2  >  L  k- 

ll  •.. 

m 

II  3 

m  g 

•t 

*-< 

1 

•  « 

<U  r4  o  0 

a  TP  g 

tr  4.' 

4.  0 

p-4 

.-  , 

'O  y 

>  m  —  a 

m  c  T 

m 

1 1  g 

c  c 

Cl 

7'  in 

C  ■* 

H  c  g  3  m 

3  g  -H 

g 

^  a 

:l  g 

a 

3 

ll  44 

•w  V  ^  ^ 

.4  in 

•*  c  a 

>  a 

•n 

•-  ^ 

k.  g 

•c  oi  0)  k.  tl 

U  k.  c 

D  m 

Ui  U< 

g 

0  Oi 

4.1  w 

-*  a  c  0  13 

01  0 

k. 

-m  > 

r“ 

, 

2 

k. 

0  4J  0  >•.  G 

ft)  H.  u 

Cl 

a  a  — 

O'  ll 

k. 

*0 

.4  Cl 

■a:  g  013  c 

.4  •«4 

13 

g  c  c 

z  u 

.4 

tl 

ll'  c 

a  c  a 

a  3  a 

c 

a  3  0 

-  g 

g 

£ 

in  X 

g  > 

ll  u  g 

is  T  0 

3 

a  0 

.iH 

a 

€ 

tg 

L  -4 

£  L  Cl 

g  g  c 

oi  e 

a  m 

Q 

3 

a  G 

Cl 

mi  X  'll  m  a 

m 

T3 

u  g  m 

ir  C 

a 

C 

0 

>  g 

Cl  C  -M 

..4  ll 

Cl 

u  a 

g  0 

m  > 

0  w 

•-I  >•  u 

g 

_4 

■n  oi  ** 

m  H 

0) 

1.4 

0 

'll  1  k.  0  € 

g 

a 

c  a  3 

a 

a 

5 

0  c 

4Ji  >  g  4J  0 

ll  > 

6 

5am 

a  g 

a 

Oi 

3  a 

C  ll 

4Ji  c  13  a  k. 

1  3  £ 

g 

H 

m 

2 

0 

4J  O’ 

■ai  ll  c  g  4. 

in 

II  a  k. 

•g  > 

V 

.1  III 

•iia  3  a 

g  -- 

0 

•a  c» 

0 

4J  <1 

C  Cl 

5  0  > 

«li 

c 

•-4  — f 

•t 

0  u 

f  a  M  T. 

C  '1 

•i 

0)  g 

c  a 

a 

Q' 

c  o 

g 

Oi  0  C  2 

.4  01  > 

0 

Ci  w  u 

.<  a 

C 

a  il 

o 

•t  egg 

arc 

a 

k.  3  - 

g 

1 

TJ 

g  m 

•Ml  a  '4.  c 

a  .fc:  ill 

1)  m  g 

D 

U 

IJI  <4- 

IP  m 

gi  c  ll  -.4  -0 

e.  a 

m 

a  g  Cl 

il  '0 

L 

Oi 

i; 


T3 

C< 

2 

0 


c 

0 

•■4 

a* 

Oi 

k. 


-4  a 

a 

ll  .4 

•111  >  .4 

•t4 

g  c 

mi 

^£]  L 

c 

k. 

a 

c 

g  a 

U 

l£l  IT 

>1  3  L 

2 

II  M 

•0; 

Cl  a 

1)1  M 

4-  0 

0 

'M 

•H 

Cl 

1  C 

•-4;  .4  >.  QJ 

r  £ 

Cl 

gt  m 

0  4: 

0  H. 

>  1 

*•4 

0 

ai  .M  ^  r  10 

Li  a  a 

31 

0  c 

Tl 

m 

3  0 

0 

gi  u 

gi  g  C)  a 

1 

Si  M  -M 

01 

*0  g 

0  Hi 

0/ 

•4 

44  m* 

L 

yi 

-«i  a  L 

a 

ai  X  X 

^1 

Cl  y 

L 

c  ^ 

a 

t4 

-4  Ol 

a 

•Ml  c 

on  <11  g  3 

r. 

mi 

1 

01 

M  a 

0 

Oi 

g  0 

SI  S 

CCIJC  S  M- 

U 

31  m  *3 

at 

■mI 

*1  L 

a  g 

c 

X 

k. 

Si  a 

1  a  M 

Q 

~(|.4  01 

Cl 

al  .4 

.4  Q) 

m  ^ 

m 

il  c 

0 

£14. 

Cl  X  p 

Ul-4  C 

•m| 

Ui  $ 

£  £ 

#4  M 

4* 

U1  0 

01  L  0  S 

1  01  S 

•Ml 

31  { 

g  O' 

J  g 

m 

0 

<2  S 

9 

1 

al  1 

Ml  0  k.  a 

m 

ll  X  «l 

a 

Ll 

C  M 

> 

lU 

k. 

u 

ai'a  a  g 

>M 

<-4l  L 

61 

al  U 

0  a 

It  g 

*M 

L 

II  u 

L 

Cl  L 

gi  a  u 

014.  u 

gi 

mt<-« 

-M 

c 

01 

m 

L 

on  g 

yi  •*  g  0 

1 

61  0  m 

kor 

Cl£ 

a  g 

ml  m 

3 

a 

Ll 

5 

al 

Oi  <ll  -« 

2 

gi 

1 

UI  g 

m 

ai  g 

§ 

Si  4. 

•4* 

I/ll  in 

-Jl-J  c 

cni  m  m 

4-1 

Uia 
*  9> 

01  e 

3 

ai  0 

c 

mI  oi 

1  0  -H  m 

1 

1  Qi  a 

01 

3  0 

Si 

.J 

z 

■^1 

-.4 

mi  3 

4Mia  a  '-4 

UI 

-4|.M  3 

1 

•M)  CT 

cr  M 

|i  g 

•v 

SI& 

S4 

*41  s  a  M 
ftl  -M  01 

0 

a 

$1  b  L 

tl 

^1 

u 

flJl  u 

•'  m 
m 

S(  g 

0 

3 

II 

11 V 

m  > 

31  g  X  2 

a 

31  3  9 

21 

31  4  C4  4 

uia 

zt 

I 

i 


3-54 


U-KMA-'4'i  I)/  ip.  JU.  ills 
03/08/88 


3 . 2  GRQUND..,WATER  MONITOBING  .  PROCEDURES 
3.2.1  INTRODUCTION 

The  management  structure  for  coordination  of  onsite  field  personnel 
performing  ground  water  monitoring  activities  will  Include  an  onsite  field 
supervisor!  two  support  technicians!  a  safety  officer!  and  5  to  6  two-person 
field  teams.  One  member  of  each  field  team  will  be  designated  as  the  field 
team  leader  and  will  be  responsible  for  all  ta.sks  completed  by  his/her  team. 
Field  team  leaders  will  be  selected  from  personnel  who  have  a  minimum  of  6 
months  previous  sampling  experience  at  RMA.  The  dally  activities  of  all 
field  teams  willl  be  managed  by  an  onsite  field  supervisor.  In  addition!  the 
field  supervisor  will  review  all  data  collected!  ensure  that  chaln-of- 
custody  records  are  maintained!  and  supervise  sample  collection,  handling, 
packaging,  and  shipment. 

At  the  beginning  of  each  monitoring  program,  field  team  leaders  will  be 
Issued  field  kits  containing  field  instruments,  sampling  equipment, 
cnlibratlon  standards,  and  operator’s  manuals,  as  well  as  copies  of  the 
Technical  Plan,  sampling  plan,  QA  plan,  and  the  RMA  Section  Plots  and  Well 
Summary  Report  (D.P.  Associates,  1985,  RIC<^85183R01 ) .  These  kits  will 
Include  a  submersible  pump,  a  stainless  steel  bailer  system  (including  1  ft 
threaded  bailer  sections  and  a  Teflon  bottom-decanting  device),  a  compressor 
and/or  generator,  and  a  ^(-ft  x  2-ft  x  2-ft  metal  storage  locker.  Each 
locker  will  be  equipped  with  the  following; 

1.  pH,  conductivity  and  dissolved  oxygen  meters  as  well  as  a  complete 
set  of  spare  probes,  cables,  and  batteries  for  each  Instrument  and 
a  flow  thru  cell  in  which  to  take  measurements. 

2.  Digital  alkalinity  titration  kits. 

3.  Calibration  standard  solutions  and  detailed  calibration  procedure 
instructions . 

A.  Two  100-nil  wash  bottles  and  a  set  of:  two  5U()-nil.  two  25()-ml  .  and 
two  100-ml  beakers. 

5.  A  water  level  measuring  device. 

6.  300  ft  nylon-clad  steel  tape- 

7.  A  roll  of  plastic  sheeting. 
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8.  100  spare  gloves. 

9.  50  plastic  bags- 

10.  liOOO  ft  of  1/A  In  nylon  rope- 

11.  Metals  filtration  kit  (peristaltic  pumpi  filter  holder, 
replacement  hoses,  filters,  50  ml  of  dilute  nitric  acid,  and  ptl 
Indicator  paper). 

12.  A  complete  set  of  spare  sample  fraction  containers- 

13.  A  detailed  sample  procedure  plan  taped  In  plastic  to  the  Inside 
lid  of  the  locker - 

lA .  Well  volume  calculation  chart  for  1-ln  to  8-ln  wells. 

15-  1:1  sulfuric  acid  for  nitrate  preservation. 

Each  field  kit  will  be  restocked  as  necessary  by  the  field  team  leader 
following  each  day  of  sampling-  Additional  field  equipment  (deionized 
water,  55  gallon  barrels,  decontamination  wash  basins)  will  be  stocked  as 
needed  by  each  field  team.  At  least  one  complete  set  of  spare  field 
Instruments  will  be  kept  readily  available  at  the  onsite  support  facility. 

Prior  to  the  start  of  field  work,  the  onsite  supervisor  will  ensure  that  all 
personnel  have  been  fully  trained  in  the  operation  of  all  field  equipment 
and  that  each  team  member  understands  the  field  procedures  described  In  the 
task  technical  plan.  In  the  event  that  procedure  modifications  are  made  or 
additional  equipment  or  Instrumentation  Is  incorporated  Into  an  ongoing 
program,  the  field  supervisor  will  schedule  training  sessions  Introducing 
these  modifications  or  equipment  changes  to  the  field  personnel  as  well  as 
providing  written  Instructions- 

All  data  collected  during  a  ground  water  monitoring  program  will  be  recorded 
on  pre-prlnted  field  data  sheets  and  In  bound  field  logbooks-  When  not  In 
use,  all  field  logbooks  will  be  maintained  by  the  field  supervl.sor  and  kept 
In  a  secured  .area  at  the  site  support  facility-  Logbooks  will  be  checked 
out  by  the  field  supervisor  to  the  field  team  leaders  on  -a  daily  ba.st.s- 
Examples  of  the  preprln  ed  field  data  sheets  used  for  water  level 
measurement,  sample  collection,  logbook  checkout,  and  chaln-of-custody  are 
presented  In  Figures  3.2-1  through  3-2-A.  A  complete  discussion  of  chalti- 
of -custody  procedures  may  be  found  In  Section  32-6  of  this  document- 
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HARDING  LAWSON  ASSOCIATES 

ENVIRONMENTAL  PROGRAM  AT 
ROCKY  MOUNTAIN  ARSENAL 


RECORD  OF  ACTIVITIES  AT  WELL  SITES 
WATER  LEVEL  MEASUREMENTS 


PROJECT— 

LOCATION. 


PROJECT  NUMBER. 
SUPERVISOR  _ 


Figure  3.2-1 

RECORD  OF  ACTIVITIES  AT  WELL  SITES- 
WATER  LEVEL  MEASUREMENTS 

SOURCE:  HLA,  19S7 


Prepared  for: 

U.S.  Army  Program  Manager’s  Office 
For  Rocky  Mountain  Arsenai 
Aberdeen  Proving  Ground,  Maryland 
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ENVIRONMENTAL  SCIENCE 
AND  ENGINEERING,  INC. 


HARDING  LAWSON  ASSOCIATES 

ENvmONMENTAl,  PPOpnAW  AT 
nOCKT  mountain  AHCENAl 


W«ll  Nummt 
PfOlfCl  - 

SUIIon  FI»v«tlon _ 

W*ll  Dfpth _ 

Oillon  Wil«r/Fl. _ 

PIO  Raadingt  IBkgrrdI, 


RECORD  OF  ACTIVITIES  AT  WELL  SITE 
FIELD  SAMPLING  DATA  SHEET 


Locillon _ 

Pra|»cl  No. _ 

W«ll  Sllek  UB _ 

Citing  Dlo'nalir . 
Citing  Volumi 


Pigi  . 

.  Dm 

,  Sampiirt 

.  SuDIrvltOf  _  ______ 

Wllir  Livil  (From  TOCI_ 
.  Screaned  iniifvil 


FIELD  CHEMISTRY 
Callbiatlon:  TImt 


Tima _  pH  7,00  — -al _ ?C  pH  '0.00  - ____at. 

Conductlnca:  Standard _ omnotrcm  al  25 *C  Raadl'iy _ umiicit  /cm  ai  _ 

0.0.  Mater; _ mg/l  al _ ‘C 


Condition  ol  Wall 


FIELD  equipment 

pH  malar, _ 

E.C.  malar  _____ 

Pump _ 

Water  Level  Maiai _ 

D.O.  Malar 

Filler  Appaiaiijt  __ 
Tamparalura  Maaiura 
Baliai 


.  Serial  No. 
Sailal  No. 
Serial  No. 

.  Sailal  No. 

Sorlal  No. 

,  Flllart  _ 


Figure  3.2-2 

FIELD  SAMPLING  DATA  SHEET 


source:  HLA.  1087 


sampling  description: 

Fiacllont:  V  V  V  V  W  W  DB  DC  NF  C  S  GCMS  Dup. 

No.  cl  Bolllat  _ _ 

Sample  Di/pin^ _ _ _ 

Field  Notebook  No.  _  . 

Sample  Memnd  _ _ 

Ditenarge  H2Q  Conialnarliad _ Yet _ No. 


Prepared  for: 

U.S.  Army  Program  Manager’s  Office 
For  Rocky  Mountain  Arsenal 
Abardten  Proving  Ground.  Maryland 
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HARDINr;  lAWSON  ASSOCIATES 

ENVIBONMENTAL  PROGRAM  AT  ROCKY  MOUNTAIN  ARSENAL 


FIELD  NOTEBOOK  CHECK  OUT /CHECK  IN 


PROJECT . . 
LOCATION 


PROJECT  NUMBER.. 
SUPERVISOR  _ 


NOTEBOOK 

CHECK  OUT 

[ 

NUMBER 

DATE 

TIME 

:nitial 

1 

CHECK  IN 


TIME 


Figure  3.2--3 

FIELD  NOTEBOOK  SIGN-OUT  SHEET 

SOURCE:  HLA,  1987 


Prepared  for: 

U.S.  Army  Program  Manager  s  Office 
For  Rocky  Mountain  Arsenal 
Abtrdetn  Proving  Ground,  Maryland 
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3.2.2  WATER  T.rVEL  MEASUREMENT  PROCEPURES 

Water  level  measurement  programs  will  be  conducted  prior  to  the  Initiation 
of  each  water  sampling  event.  A  sufficient  number  of  field  teams  will  be 
mobilized  to  ensure  that  all  water  level  data  Is  collected  In  a  timely 
manner  (l.e.i  approximately  one  week  assuming  approximately  900  well 
measurements).  The  procedure  for  collecting  water  level  measurement  data  Is 
summarized  below: 

1.  With  a  respirator  on,  approach  the  well  from  an  upwind  direction. 

2.  Zero  the  pre-calibrated  photolonlzat Ion  detector  (PID)  to  ambient 
air  conditions. 

3.  Remove  the  well  cap  and  take  an  Immediate  PIP  reading  of  the 
headspace  at  the  top  of  the  casing  (TOC),  followed  by  a  PIE 
reading  of  the  breathing  zone  area.  Record  these  readings.  All 
notations  are  recorded  In  duplicate  on  the  water  level  measurement 
totni  (Figure  3.2-1)  and  In  a  bound  field  logbook. 

Record  the  well  number,  date,  time,  and  Initials  of  field 
personnel  taking  measurements. 

5.  Measure  the  length  of  the  riser  stickup  from  the  ground  surface  to 
a  measuring  point  marked  at  the  TOC  and  record  the  length  to  the 
nearest  one-tenth  foot.  Measure  and  record  casing  diameter  In 
Inches . 

6.  Insert  the  water  level  Indicator  probe  until  It  reaches  water. 
Measure  the  depth  to  water  from  the  same  measuring  point  at  the 
TOC  and  record  the  value  to  the  nearest  one-tenth  foot. 

7.  Measure  the  total  depth  of  the  well  In  the  same  fashion. 

8.  Retrieve  the  water  level  Indicator  probe  and  rinse  the  cable  and 
probe  with  deionized  water  as  they  are  withdrawn  from  the  well. 

9.  Record  the  make  and  model  of  the  water-level  Indicator  used. 

10.  Compare  total  depths,  water  level,  and  stickup  to  previous 
measurements  (where  applicable)  .and  values  listed  In  the  RMA  Well 
Summary  Report  (D-P.  Assocl.aies.  1985.  RIC«85 1  83R()  1  ) .  If 
discrepancies  are  observed,  .second  measut  eiiient  ver  I  f  1  c.i  1 1  otis  will 
be  performed  and  documented  as  such. 

11.  Record  well  conditions  (cracked  casing,  missing  cap,  subsidence 
features,  etc.)  and  any  other  pertinent  observations. 
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12-  Insure  that  all  labels  and  flagging  clearly  indicate  the  well's 
location  and  the  well  number. 

13.  Police  the  area  to  assure  that  all  equipment  and  materials  have 
been  retrieved,  no  litter  Is  left,  and  the  well  cap  Is  secure- 

3-2-3  GROUND  WATER  SAMPLING  PROCEDURES.  CONTAINERS,  AND 
PRESERVATION 

The  onsite  field  supervisor  will  prepare  a  dally  schedule  of  field 
activities  and  will  provide  each  field  team  leader  with  a  prepared  sample 
kit.  Each  kit  will  be  composed  of  a  sample  cooler  containing  sample 
containers,  labels,  chaln-of -custody  forms.  Ice,  and  a  well  Information 
file.  The  well  file  will  Include  previous  and  historical  water  level  data, 
expected  casing  volume,  and  any  comments  generated  during  the  preceding 
water  level  measurement  phase  and  prior  sampling  events-  Field  team  leaders 
will  ensure  that  sample  and  field  kits  are  complete  and  that  all  instruments 
and  sampling  equipment  are  In  good  working  cont/ltlon- 

On  arriving  at  the  well  site,  the  following  procedures  will  be  Implemented: 

1.  With  respirators  on  and  from  an  upwind  direction,  uncap  well  and 
record  background  and  casing  headspace  readings  with  a 
photolonlzat ion  detector  (PID)  as  described  previously  for  water 
level  measurements-  Respirators  may  be  removed  If  PID  values  are 
at  background  levels  within  the  breathing  zone  around  the  well 
head  • 

2,  Record  well  number,  date,  pertinent  observations  (e-g-.  weather, 
well  condition)  station  elevation,  casing  diameter,  screened 
Interval  and  field  instrument  Identification- 

3-  Record  well  stlckup,  depth  to  water,  and  total  well  depth.  All 

measurements  will  be  made  from  a  measuring  point  marked  at  the  top 
of  casing  (TOC).  Compare  measured  v.nlues  with  previous 
measurements:  Investigate  and  document  any  discrepancies-  Ml 
equipment  used  downhole  to  obtain  w,ater  level  .and  total  depth 
measurements  will  be  deconl.aml  n.nted  with  deionized  water  (D-I- 
rlnse) - 

A-  Calculate  and  record  casing  volume:  compare  with  previous  volumes 
to  ensure  relative  compattblllty- 
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5-  Calibrate  field  Instrtinn’nts  against  known  standards-  Record 

instrument  calibration  responses!  tlmes>  and  calibration  standards 
used.  Field  Instrumentation  is  used  to  monitor  the  following 
parameters:  pH*  temperature)  conductivity)  alkalinity,  end 

dissolved  oxygen  (pumped  wells  only). 

6-  The  decision  to  pump  or  ball  a  well  will  be  made  based  on  the 
relative  efficiency  of  either  method  with  respect  to  the  amount  of 
purge  water  to  be  removed.  In  general,  wells  containing  less  than 
4  gallor.s/caslng  volume  or  known  to  dewater  at  1  casing  volume 
will  be  purged  and  sampled  by  bailing.  All  other  wells  will  be 
pumped. 

7.  All  wells  will  be  purged  and  sampled  from  the  top  of  the  water 

column.  Bailers  will  be  slowly  lowered  into  the  water  column  to  a 
depth  equal  to  the  length  of  the  bailer  being  used-  Pumps  will  be 
placed  2  to  3  ft  below  the  top  of  the  water  column  and 
repositioned  as  necessary  in  response  to  water  level  fluctuations 
during  evacuation.  An  in-line  flow  cell  consisting  of  an  air¬ 
tight  chamber  fitted  for  Instrument  probes  will  be  used  on  all 
pumped  wells.  In  addition,  the  field  parameter  list  described  in 
Item  5  above  will  include  dissolved  oxygen  measurements  for  all 
pumped  wells. 

8..  A  portion  of  the  initial  water  discharged  from  the  well  will  be 

collected  and  the  following  information  recorded:  field  parameter 
values  (pH,  temperature,  conductivity,  and  dissolved  oxygen), 
time,  PID  reading,  pumping  rate,  and  purged  volume  removed. 
Similarly,  this  information  will  be  documented  after  each  casing 
volume  is  removed-  All  purged  water  will  be  containerized  at  the 
well  site- 

9.  A  minimum  of  five  casing  volumes  will  be  removed  from  each  well 
prior  to  sampling-  However,  samples  will  not  be  collected  until 
field  parameters  have  stabilized  from  three  consecutive  ca.nlng 
volumes-  Wells  which  dewater  prior  to  the  removal  of  live  casing 
volumes  or  stabilization  will  be  exempt  from  these  requirements- 
Samples  will  be  collected  from  these  wells  once  sufficient 
recharge  has  been  attained-  Dewatered  wells  will  be  given  a 
maximum  of  2k  hours  to  recharge-  If  sufficient  recharge  has  not 
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been  attained  within  a  2^-hour  period,  as  many  sample  fractions  as 
possible  will  be  collected- 

10-  An  alkalinity  titration  will  be  performed  on  a  portion  of  the  well 
water  obtained  after  the  fifth  or  final  casing  volume  has  been 
removed-  Titration  volumes  required  to  reach  colorimetric  end 
points  will  be  recorded  along  with  associated  pH  values  (taken 
colncldcntly ) - 

11-  Sample  parameters  will  also  be  measured  and  recorded  Immediately 
prior  to  sample  collection-  Sample  labels  will  be  completed  to 
Include  the  following  Information:  well  number,  time,  data, 
temperature  (®C) ,  conductivity,  pH,  sampler's  Initials,  and 
dissolved  oxygen  (for  pumped  wells  only)- 

12-  When  pumps  are  being  used,  samples  will  be  collected  directly  from 
pump  discharge  lines  at  low  flow  rates  to  avoid  agitating  samples 
and  possibly  degassing  of  volatiles-  If  balled,  samples  will  be 
collected  from  bottom  decanting  bailers - 

13-  Sample  bottles  will  be  rinsed  with  well  water  prior  to  fllllng- 
Sample  fractions  will  be  filled  In  the  following  sequence:  (1) 

VOA  (three  ^0-ml  amber  bottles):  (2)  DBCP  and  DCPD  (one  each  250- 
ml  amber  bottles):  (3)  organosulfur  and  organochlorlne  compounds 
(two  liOGO-mi  amber  bottles):  (A)  chlorlde/fluorlde  (1,000-ml 
deal  plastic  cubltalner):  (5)  metals  (two  1,000-ml  clear  plastic 
cubl talners) :  (6)  nitrates  (1,000-mi  clear  plastic  cubllali:er) - 
The  VOA,  DBCP  and  DCPD  sample  fractions  will  be  filled  completely 
and  capped  tightly  to  avoid  air  bubbles-  In  addition,  VOA 
fractions  will  be  placed  In  a  can  and  the  can  lid  secured-  Except 
for  metals,  all  remaining  sample  fractions  are  filled  to  a  ii:lnlmum 
of  90  percent  capacity-  Metal  fractions  will  be  filtered  In  the 
field  using  0-^5  micron  nitrocellulose  or  cellulose  acetate 
filters,  until  each  cubltalner  Is  filled  to  a  inlnliiium  of  700  ml. 
and  preserved  with  dilute  nitric  acid  to  a  pH  of  12-  Uiil  1  I  tcrcd 
nitrate  fractions  will  be  pre.served  with  sulfuric  acid  lo  a  pH  of 
i2.  All  sample  fractions  will  be  placed  on  Ice  Immediately  upon 
filling.  Sampling  technique,  sample  depth,  and  fractions 
collected  will  be  recorded  on  the  sample  data  sheet,  chaln-of- 
custody  record,  and  In  the  field  logbook- 
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1^1 .  The  field  team  leader  will  sign  and  dote  the  somplp  data  sheet 
after  ensuring  that  the  sheet  has  been  fully  completed  and  the 
Information  has  also  been  recorded  In  the  field  logbook.  The 
field  team  leader  will  complete  the  chaln-of-custody  record  when 
relinquishing  the  samples- 

15.  All  sampling  equipment  will  be  thoroughly  decontaminated 
(deconned)  at  the  well  site  prior  to  storage.  Except  for  pumps, 
all  equipment  will  be  cleaned  In  a  solution  of  COR-approved  water 
and  trlsodlum  phosphate,  rinsed  with  COR-approved  water  and 

tr iple-rlnsed  with  deionized  water-  All  external  pump  parts  will 
be  trlple-r Insed  with  deionized  water.  In  order  to 
decontamination  the  Inside  of  the  pump,  a  volume  of  deionized 
water  equal  to  three  times  the  volume  of  the  pump  and  hoses  will 
be  pumped  through  the  line-  All  decontamination  water  will  be 
containerized  at  the  well  site-  All  cleaned  equipment  will  be 
wrapped  and  stored  In  clean  plastic  sheeting. 

16.  Each  barrel  used  to  containerize  well  and  decontamination  water 
will  be  sealed  and  labeled  with  an  appropriate  Inventory  number, 
task  number,  date,  job  number,  contractor(s)  name,  well  number  and 
nature  of  contents  (ground  water). 

17.  The  final  activity  at  the  well  site  will  be  to  remove  all  sampling 
equipment  and  debris  from  the  area- 

In  addition  to  the  above  listed  procedures,  the  following  guidelines  will  be 
used  to  mitigate  any  potential  problems  that  could  adversely  affect  sample 
Integrity: 

1.  Avoid  agitation  of  VOA  samples  collected  from  either  pumps  or 
bailers-  This  will  reduce  air  stripping  of  volatiles  and  allow 
for  the  collection  of  more  representative  samples. 

2.  Sampling  equipment  Including  pumps,  hoses,  bnlicrs-  rope.  etc-, 
should  contact  only  the  well  or  a  clean  plastic  surface. 

Equipment  should  never  contact  the  ground  or  any  other  surf.icc 
which  has  the  potential  to  transmit  cont  .ami  nnnts  •  This  equipment 
should  always  be  encased  or  wrapped  In  cleati  plastic  during 
transport . 
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3.  Chnnpe  gloves  frequently  when  hnnrfllng  downhole  I  tist  rumetits . 

Always  change  gloves  after  working  on  compressors  or  other 
equipment  prior  to  sampling.  New  gloves  will  be  worn  at  the  start 
of  well  purging  and  changed  Immediately  prior  to  sample 
collection. 

A.  When  working  on  downhole  equipment  ( bailers <  pumps i  etc.)  either 
decontaminate  tools  prior  to  use  or  decontaminate  the  equipment 
before  re-entering  the  well. 

5.  Avoid  splashing  water  or  dirt  on  plastic  ground  cloths.  Replace 
ground  cloth  If  It  becomes  dirty. 

6.  Vent  gasoline  engines  downwind  at  least  30  ft  from  the  well  head. 
Cas  tanks  should  be  filled  before  going  to  the  field.  Keep  all 
sampling  equipment  away  from  potential  gasoline  spills  or  leaks. 

7.  Replace  dropped  bottlesi  lids,  or  septa  with  spares  from  the  kit. 
Avoid  contact  with  edges  or  Inside  surfaces  of  sample  bottles. 

8.  Ensure  that  septa  and  Teflon  cap  liners  are  In  good  condition. 
Check  that  septa  are  oriented  with  Teflon  side  down.  Once  full, 
septa  bottles  should  be  transported  upside  down. 

9.  Avoid  sampling  when  precipitation  or  windblown  dust  may 
contaminate  the  sample. 

10.  Do  not  dip  pH  Indicator  paper  into  samples,  check  by  pouring  a 
small  amount  of  sample  over  the  paper. 

11.  To  avoid  unnecessary  agitation  of  the  water  column,  bailers  will 
be  lowered  slowly  Into  the  well.  A  knot  tied  In  the  balling  rope 
approximately  2  ft  above  the  static  water  level  will  serve  as  a 
marker  below  which  the  bailer  will  be  lowered  very  slowly. 

12.  Ensure  that  a  stainless  steel  protector  Is  emplaced  over  the  well 
head  prior  to  balling.  This  protector  will  prevent  the  bulling 
rope  from  cutting  Into  the  top  edge  of  the  PVC  casing. 

13.  When  reassembling  the  filter  head  assembly,  the  O.'iS  micron  Miter 
must  be  handled  with  stainless  steel  tweezers. 

lA.  Sample  bottles  will  be  filled  from  a  pump  dlsehnrge  line  located 
upstream  of  the  flow  cell- 
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15.  When  .'sharp  Inrrensea  are  observed  In  dissolved  oxygen  readings,  a 
bailer  will  be  used  In  place  of  the  pump  to  sample  the  well. 

Pumps  will  only  aerate  samples  when  they  are  malfunctioning  and 
should  be  repaired.  Pumped  samples  are  generally  cleaner  and 
preferable  to  balled  samples. 

3. 2. A  CHAIN-OF-CUSTODY 

Chaln-of -custody  forms  will  be  Issued  v;lth  corresponding  sample  kits  by  the 
Field  Team  Coordinator-  Each  sample  will  be  accompanied  by  two  separate 
chaln-of-custody  forms!  one  form  for  sample  fractions  sent  to  ESE- 
Calnesville  and  one  for  fractions  analyzed  at  ESE-Denver  (Figure  3.2-^). 
These  forms  are  an  Inventory  of  the  samples  and  of  those  persons  with  access 
to  the  samples.  They  will  be  transported  with  the  samples  at  all  times. 
Possession  of  the  samples  will  begin  with  the  sample  collectors-  All 
subsequent  sample  transfers  will  require  the  relinquisher  and  the  receiver 
to  sign,  date,  and  record  the  time  of  transfer  on  the  chaln-of-custody 
forms . 

Data  on  the  chaln-of-custody  forms  will  be  checked  by  the  Field  Team 
Coordinator  and  will  Include  the  .sample  number,  collection  date  and  time, 
fractions  collected >  measured  pH  and  conductivity  values,  sample  depth,  well 
stlck-up,  and  location  and  value  of  the  hlgltest  encountered  PID  reading. 

The  Field  Team  Coordinator  will  obtain  this  data  from  the  Field  Sampling 
Data  Sheets  transmitted  by  the  sampling  teams. 

3.2.5  SAMPLE  SHIPMENT 

By  the  end  of  each  sampling  day  all  samples  will  have  been  brought  back  to 
the  sample  handling  trailer  for  packaging.  The  Field  Team  Coordinator  will 
complete  the  chaln-of-custody  forms  and  review  field  notebooks  and  data 
sheets  for  errors  and  omissions. 

Sample  fractions  designated  for  analysis  by  ESE-C,nlne.svllle  will  lie 
repackaged  Into  heavy-duty  coolers  with  Ice  to  maintain  a  sample  temperni  lire 
of  /i°C  (cooler  thermometers  are  not  used,  no  way  to  verify  this  number 
without  them.  ESE-Denver  sample  fractions  will  be  similarly  repackaged  Into 
a  separate  cooler.  Chaln-of-custody  forms  will  be  placed  In  waterproof  bags 
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In  their  corresponding  rnoinrs.  All  coolers  will  be  senled  and  wrapped  In 
accordance  with  individual  shipping  requirements.  Evidence  tape  will  be 
placed  across  each  cooler  designated  for  ESE-Gainesvllle  analysis  to  ensure 
that  the  contents  are  not  violated  during  shipping.  The  last  person  to  sign 
the  chain-of ^custody  form  for  each  cooler  will  sign  and  date  the  evidence 
tape.  The  chaln-of-custody  forms  for  the  ESE-Denvor  coolers  will  be  signed 
over  to  the  transport  courier  and  the  coolers  delivered  to  the  ESE-Denver 
laboratory.  The  ESE-Gainesvllle  sample  fractions  will  be  shipped  by  air 
(Federal  Express)  freight  on  a  dally  basis  to  ensure  that  sample  holding 
times  are  not.  exceeded.  Sampling  will  be  scheduled  such  that  the  samples 
can  be  shipped  in  a  timely  manner. 

3 . 3  SUS£AC£_bAI£S 

As  part  of  the  Task  /(4  program,  surface  water  data  will  be  collected, 
compiled,  and  Interpreted.  The  two  main  activities  conducted  by  surface 
water  monitoring  efforts  are  determination  of  water  quantity  measurements 
and  surface  water  quality  monitoring.  The  surface  water  program  will 
satisfy  technical  elements  and  objectives  established  for  Task  /i/i  and  will 
fulfill  overall  task  objectives. 

3-3.1  WATER  QUANTITY 

The  water  quantity  portion  of  the  Task  Uh  survey  is  designed  to  determine 
the  quantity  of  surface  water  entering  and  leaving  RMA.  Disposition  of 
surface  water  on  RMA  will  also  be  routinely  monitored-  Collection, 
reduction,  and  compilation  of  water  level  stream  f low/discharge  and 
precipitation  data  will  be  conducted  during  water  quantity  evaluation 
efforts  - 


3  -  3  - 1  - 1  Uatec-Level 

Water  level  measurements  will  be  obtained  at  twelve  monUorliig  Ht.it  U.iis 
currently  established  across  RMA  (Figure  33-1)  using  Steven  Type-t 
continuous  water  level  recorders.  The  recorders  nro  equipped  with  battery- 
operated  clocks,  a  horizontal  drum-  and  a  1:5  gage  scale,  and  have  a  chart 
precision  of  0-01  ft.  Recorders  have  been  modified  and  calibrated  for 
weekly  operation-  The  water  levels  measured  at  streamflow  locations  are 
used  to  determine  flow  rate  using  stage-discharge  relationships- 
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Asurface  water  sampling  site 


1  Flril  Creek  (entering  RMA) 

2  South  Uveldi  interceptor 

3  Basin  A  Inflow 

4  Ladora  Weir 

8A  North  Uvalda  Interceptor 
(raiocatedl 
3  Hlghhne  Lateral 

2  South  Plants  Ditch 

t  Havana  Detention  Pond 

3  Peoria  Ditch 

10  Havana  Intaroeptor 

11  North  First  Crssk 

-Ig  ■North  Offpoit  Arts 


Figure  3.3-1 

EXISTING  STREAM  FLOW 
MONITORING  STATIONS 
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Prepared  for: 

U.S.  Army  Program  Manager'e  Office 
For  Rocky  Mountain  Arsenal 
Abirdten  Proving  Ground,  Maryland 
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The  recorders  f’re  housed  In  strucMtres  cslled  stilling  wells  to  protect  i  lie 
floats  and  dampen  fluctuations  caused  by  wind  and  water  turbulence-  these 
structures  are  located  on  the  streambanks.  except  In  the  case  of  the  Havana 
Interceptor  In  which  the  well  Is  located  In  the  center  of  the  canal. 

Stilling  well  Inlets  consist  of  two  horizontal  plpesi  with  a  lower  Inlet 
below  the  lowest  water  elevation  and  an  upper  Inlet  that  would  function 
should  the  lower  Inlet  become  clogged  during  high  flow.  The  steel  housing 
Is  in  a  6-ln  thick  concrete  base  to  prevent  ground  water  Infiltration  and 
stream  water  outflow.  All  devices  are  housed  In  locked  Instrument  shelters 
to  protect  them  from  weather  and  vandalism. 

Water  level  record  datums  were  selected  at  arbitrary  elevations  below  the 
lowest  possible  water  level  to  preclude  the  possibility  of  negative  water 
level  values*  The  data  were  measured  relative  to  a  benchmark  of  known 
elevation  to  allow  recovery  of  the  arbitrary  datum  should  the  gage  and 
reference  marks  be  destroyed  and  to  allow  determination  of  surface  water 
elevation. 

Water  surface  elevations  of  Upper  Derby.  Lower  Derby.  Ladora .  and  Mary  Lakes 
will  also  be  monitored  by  observation  of  staff  gages  Installed  In  the  lakes* 
Havana  Pond  water  levels  are  monitored  by  a  continuous  recording  station. 
Stage-volume  curves  will  be  utilized  to  convert  measurements  of  lake  stage 
to  lake  volume. 

3 . 3 . 1 . 2  CaDl.c:Qi-SLc:uctui:ea-aad_Discbac8e_£aies 

Caging  station  points  on  open  channels  have  been  modified  by  artificial 
control  structures.  In  some  cases,  the  control  structures  hove  caused  some 
erosion  of  the  stream  banks  and  downstream  channels,  but  erosion  has  been 
stabilized  by  addition  of  rock  gabions  and  riprap.  The  following 
characteristics  of  the  control  structures  will  be  m.nlntalned  or  ;i pp ton- 1  muted 
to  the  maximum  extent  possible  without  rebuilding  the  entlr.’  5;  t  riii' t  in  e : 
o  The  shape  of  the  structure  will  permit  the  pnss.'ige  of  wuier 

without  creating  undeslr:iblc  d  I  st  urbanuo::  In  the  channel  above  or 
below  the  control! 
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o  The  structure  will  be  of  sufficient  height  to  ellmlnfite  the 
effects  of  variable  downstream  conditions; 
o  The  profile  of  the  crest  of  the  control  will  be  designed  so  that  a 
small  change  In  discharge  at  low  flows  will  cause  a  measurable 
change  Iti  stage;  and 

o  The  control  will  have  structural  stability  and  should  be 
permanent . 

Such  artificial  controls  tend  to  stabilize  the  stage-discharge  relationships 
thereby  simplifying  the  acquisition  of  accurate  discharge  records- 

Of  the  10  channels  on  RMAi  five  are  natural  channels  equipped  with  concrete 
controls  that  are  somewhat  higher  than  the  downstream  channel  bottom 
elevation.  In  most  casesi  these  control  are  lower  at  the  center  of  the 
channel  than  at  either  bank  and  form  a  slightly  V-shaped  cross  section.  The 
stream  gage  stations  that  are  equipped  with  these  concrete  controls  are 
North  and  South  First  Creeki  North  and  South  Uvalda  Ditch-  The  Peoria 
Interceptor  Is  equipped  with  a  sharp  crested  weir-  The  remaining  channels 
are  Ladora  Welri  Havana  Interceptor.  South  Plants  Ditch.  Hlghllne  Lateral, 
and  Basin  A-  The  Ladora  Weir  Location  Is  equipped  with  a  sharp-crested 
rectangular  weir  and  the  Havana  Interceptor  Is  a  large  concrete-lined, 
trapezoidal-shaped  canal-  The  South  Plants  Ditch  has  a  rectangular  weir, 
while  the  Hlghllne  Lateral  site  has  an  Installed  8-ft  Clpolletl  weir-  The 
Basin  A  structure  Is  a  vee  notch  weir  located  In  a  small  channel- 

A  flow  meter  Is  located  in  the  effluent  pipe  from  the  Sewage  Treatment  Plant 
that  discharges  Into  a  tributary  ditch  of  First  Creek,  and  at  the  process 
water  diversion  point  from  Lake  Ladora  to  the  South  Plants-  These  two  flow 
meters  determine  discharge  directly,  and  will  be  read  weekly- 

Dlscharge  will  be  determined  for  the  10  open  ch.innel  iiioti  H  or  I  ng  ntnttonn 
using  stage  discharge  rating  curves  that  display  discharge  as  a  function  of 
state  height.  For  stations  at  the  Hlghllne  Lateral-  B-isln  A  Inflow.  Ladora 
Weir,  and  South  Plants  Ditch,  the  weirs  are  of  such  construction  that  rating 
curves  have  been  experimentally  derived-  Rating  curves  for  these  stations 
can  therefore  be  used  directly,  with  no  Task  AA  verification  of  curve  data- 
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Stage-discharge  rating  curves  were  calculated  In  Task  A  for  the  gaging 
stations  at  North  and  South  First  Creekst  North  and  South  Uvaldai  Peorlai 
and  Havana  Stations*  Task  work  will  verify  and  extend  the  rating  curves 
for  these  six  stations. 

To  extend  the  rating  curvesi  stream  discharge  and  the  associated  stage 
height  must  be  determined-  Discharge  Is  calculated  form  velocity  and  cross 
sectional  area  of  the  stream-  Cross-sect loital  area  will  be  measured  by 
surveysi  and  stream  state  will  be  directly  determined-  Velocity  will  be 
measured  at  a  number  of  points  across  the  stream  at  six-tenths  of  the 
channel  depth  using  a  portable  current  meter*  and  these  data  recorded  on  a 
chart  similar  to  that  show  In  Figure  3.3-2.  Discharge  will  be  calculated 
using  the  mid-section  method  of  discharge  calculation  for  partial  sections- 

Should  stream  flows  be  too  swift  to  permit  wading,  velocity  will  be 
determined  using  Mannings  equation  and/or  by  a  "float  method".  Mannings 
equation  requires  determination  of  the  hydraulic  radius  (cross-sectional 
area  divided  by  the  wetted  perimeter),  hydraulic  gradient  (slow  of  water 
surface  between  gage  heights),  and  roughness  coefficient  esllmated  from 
charts  given  visual  appearance  of  the  stream  bank).  By  Incorporating  cross 
section  areas,  this  "slope-area"  approach  can  determine  discharge-  The 
"float  method"  Involves  measuring  the  amount  of  time  required  for  a  floating 
object  (float  method  requires  semlsubmerged  floaters;  l-e-,  oranges  to  avoid 
wind  Interference)  to  travel  a  known  length  of  a  strain  channel-  This 
surface  velocity  Is  converted  to  mean  velocity  using  a  conversion 
coefficient,  which  will  vary  from  the  0.85  average  value  depending  on  stream 
depth-  This  coefficient  will  be  calibrated  on  days  of  high  flow,  and 
velocity  conversions  using  the  determined  value  should  be  accurate  within  10 
percent.  Two  crest-stage  gages  h.ave  been  Installed  on  the  Peoria  and  llvalda 
stations  to  help  determine  peak  flow.  The  gages  note  the  maximum  water 
elevation- 
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STREAM  GAGING  FORM 


Station  ID  _ _ _ _ _  Date _ 

Peijonnel _ Time  Start  _ 

Precipitation  Past  Day _ 

Weather  Conditions  Now _ 

Stream  Appearance  (Include  watar  condition,  presence  of  ice,  debris,  etc.) 


Time  Stop 


Gaging  Location  ;sk#teh  Loeitinn  On  B»ck) _ 


Staff  Gage  Reading:  Start _ Stop  _ 

Meter  Used  _ _ _ Units  _ 

Left  Bank  (L.B.)  and  Right  Bank  (R.B.)  are  determinded  facing  upstream 

LB.  Water  Edge  On  Tape _  R.B.  Water  Edge  On  Tape  , 


TAPE 

UNIT 

READING 

READING 

width 

DEPTH 

COUNTS /TIME 

VELOCITY 

discharge 

COMMENTS 

(M) 

(11) 

(ft) 

(ft/sec) 

(Cl«) 

Collected  bv 

Sianalui* 

Data 

Checked  by  _ 

Signal  ufe 

Data 

Figure  3.3-2 

STREAM  GAGING  FORM 


Prepared  for: 

U.S.  Army  Program  Manager’s  Office 
For  Rocky  Mountain  Arsenal 
Aberdeen  Proving  Ground,  Maryland 
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3 ■ 3 ■ 1 • 3  Add 1 £ ions. tQ-Ecoscam 

Recently,  there  has  developed  a  need  to  expand  and  Improve  the  existing 
surface  water  quantity  network.  This  need  Is  based  on  the  potential 
urbanization  of  upstream  areas.  Such  urbanization  will  tend  to  Increase  the 
volume  and  possibly  the  rate  of  surface  water  Inflow  to  RMA. 

Havana  Pond  Is  a  critical  component  as  it  receives  flows  from  both  Havana 
and  Peoria  Interceptors.  Currently  a  stage  recorder  Is  located  on  Havana 
Pond  and  the  stage-volume  data  was  developed  by  Resource  Consultants,  Inc- 
this  arrangement  appears  satisfactory.  However,  the  gaging  of  flows  on 
Havana  Interceptor  upstream  from  Havana  Pond  poses  problems  due  to  the 
channel  configuration.  The  present  gaging  site,  although  not  totally 
optimal,  will  be  satisfactory  for  the  time  being.  The  present  Peoria 
Interceptor  gaging  site  has  definite  iimltations. 

Due  to  the  flatness  of  the  channel,  the  current  gaging  site  often  bccome.s 
submerged  by  the  backwater  from  Havana  Pond.  When  this  condition  occurs,  no 
inflow  data  can  be  obtained.  To  remedy  this  problem  it  is  recommended  that 
a  Marsh  McBirney  Model  260  culvert  flow  meter  or  equivalent  be  Installed  at 
the  Peoria  outfall  so  measurements  over  the  full  range  of  flows  and  stages 
of  Havana  Pond  can  be  recorded. 

It  is  our  understanding  that  RMA  will  be  allowed  by  the  Colorado  State 
Engineer  to  operate  Havana  Pond  as  a  controlled  structure.  If  this  Is 
indeed  the  case,  there  will  be  times  when  water  will  be  stored  in  Havana 
Pond  and  from  which  releases  will  be  made.  To  determine  the  amount  of  water 
which  is  lost  through  evaporation  and  infiltration  when  water  is  stored  as 
opposed  to  loss  resulting  from  relenres,  a  recording  measurement  flume  must 
be  placed  below  the  Havana  Pond  outlrt.  It  Is  recommended  a  Parshall  Plume 
or  H-fluine  be  Installed  to  satisfy  this  need.  In  either  case  the  fluiiie  musL 
be  equipped  with  a  recorder  ( Seven.s  Type  F  or  eqiilv.ileni  )  .mid  .m  I  iir.i  i  iniii'iit 
shelter. 

These  modifications  to  the  Havana  Pond  system  will  ptovlde  more  sailsfactory 
monitoring  of  the  Incoming  flows,  the  water  in  storage,  and  the  releases. 
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Fdrthpr,  hnscd  on  thl.q  dnt.T.  n  fhi.tII  w.Tfor  Knlfince  c.'in  he  constructed  for 
this  surface  water  component i  which  Is  known  to  be  a  major  recharge 
facility. 

Present lyi  the  volumes  of  Lower  Derby  and  Ladora  are  measured  by  weekly 
staff  gage  observations-  It  is  desirable  to  place  continuous  water  level 
recorders  on  the  two  lakes  to  more  accurately  assess  the  disposition  of 
water  once  It  has  entered  either  Upper  or  Lower  Derby.  The  structures 
recommended  for  this  would  be  similar  to  what  Is  now  In  place  at  Havana 
Pond.  They  would  each  consist  of  a  stilling  well  and  a  recorder  (Stevens 
Type  F  or  equivalent)  enclosed  In  an  Instrument  shelter. 

The  south  First  Creek  surface  water  quantity  gaging  stations  Is  adequate. 

The  south  First  Creek  gage,  however,  has  the  problem  of  not  being  capable  of 
measuring  flows  when  out  of  channel  conditions  are  encountered.  This  Is  not 
a  common  event,  but  In  flood  conditions  data  nre  lost.  A  solution  for  this 
Is  to  rate  the  entire  channel  section  using  a  hydraulic  model  such  as  HEC-2. 

The  north  First  Creek  off post  site  Is  presently  gaged  by  a  H-Fiume.  This 
flume  has  proven  to  be  underdesigned  for  flood  conditions  as  observed 
earlier  this  year;  otherwise  It  has  worked  well.  This  gage  Is  located  In  a 
broad  and  rather  flat  channel  —  hence,  to  force  all  the  water  through  the 
gage  Is  a  relatively  major  task  requiring  not  only  a  larger  flume  but  also 
some  earthen  embankments.  In  order  to  collect  flood  event  data,  a  channel 
rating  system  must  be  developed  wherein  the  flow  as  a  function  of  stage 
would  be  developed  hydraulically.  This  Is  done  using  a  HEC-2  mathematical 
modeling  approach  similar  to  that  discussed  for  south  First  Creek. 

3  ■  3 . 1 .  A  £t:ecipil,aLian_aDd_SigDi£icaut.  .£iQU_£yeots 

Two  precipitation  gages  have  ben  Installed  at  RMA.  Gage  readlng.H  are  ii.sed 
with  precipitation  measurements  obtained  from  the  Stapleitni  AIrpoti  and 
Brighton  National  Weather  Service  Station.'-'  to  delermlne  the  precipitation 
contribution  to  RMA  surface  water.  The  RMA  gages  are  of  the  tipping  bucket 
variety  and  are  attached  by  a  cable  to  an  event  recorder.  Heavy  runoff 
expected  as  a  result  of  continuous  rainfall  can  be  predicted  by  dally 
weather  forecasts-  Temperature,  dew  point,  and  lifting  Index  computed  from 
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ntmosphorlc  sounding  can  he  used  to  predict  thunderstorm  activity.  In 
addltloni  specific  sto  ms  can  be  tracked  by  radar  at  weather  service 
offices.  One  RMA  precipitation  gage  Is  equipped  with  an  automatic  telephone 
alert  that  Is  tripped  when  a  specific  precipitation  rate  Is  exceeded. 

Although  the  hourly  rainfall  rate  may  not  be  heavy,  storms  that  last  for 
more  than  one  day  can  produce  large  amounts  of  runoff.  The  frequency  of 
such  events  Is  not  high,  but  may  occur  several  times  In  an  average  year. 

Large  flows  from  significant  storm  events  enter  RMA  primarily  through  First 
Creek,  the  Uvalda  Interceptot ,  Havana  and  Peoria  Interceptors,  and  possibly 
the  Hlghllne  Lateral.  Additional  flow  may  reach  RMA  through  less  defined 
channels  to  the  south,  but  only  the  main  channels  will  be  monitored  during 
large  flows. 

Priority  points  for  flow  monitoring  during  high  flow  events  are: 
o  First  Creek  at  the  southern  gaging  station? 

o  Uvalda  Interceptor  at  the  southern  gaging  stations 

o  Peoria  Interceptors  and 

o  Havana  Interceptor. 

A  secondary  check  on  Havana  and  Peoria  Inflow  will  be  provided  by  measuring 
water  flow  Into  Havana  Pond.  All  other  gaging  stations  will  be  given 
secondary  priority. 

Streamflow  and  discharge  will  be  evaluated  using  the  slope-area-dlscharge 
technique.  Velocity  measurements  will  be  determined  using  the  "float 
method" • 

3 . 3 . 1 . 5  Scheduling 

Water  level  and  streamflow  data  will  be  collected  a  minimum  of  once  a  week. 
RMA  onsite  staff  will  notify  surface  water  monitoring  personnel  of  Inipendlng 
storms  and  uncontrolled  action  affecting  surface  water  flows.  Surface  water 
monitoring  personnel  will  make  dally  ob.nervat  Ions  and  measuremenis .  and  will 
construct  stage-discharge  curves.  Personal  will  be  onsite,  as  Is  practical, 
to  continuously  monitor  conditions  during  major  storm  events.  Water  quantity 
data  will  be  reduced  daily  and  compiled  on  both  a  weekly  and  monthly  basis. 
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3.3.:?  WATER  QUALITY 

Quarterly  sampling  will  be  performed  as  part  of  the  surface  water  portion  of 
the  Task  Survey-  Samples  will  be  collected  at  /tO  locations  across  RMA 
(Figure  3- 3-3)-  Efforts  will  also  be  made  to  conduct  surface  water  quality 
sampling  SuS  an  event  basis-  Flow  rate  determinations  will  be  made  as 
practical  during  the  event  sampling- 

3  -  3  -  2 . 1  Sampliag.E£oLQCQl 

Data  from  surface  water  sampling  will  be  recorded  on  water  sampling  forms 
(Figure  3-3-4)  similar  to  those  utilized  In  the  ground  water  sampling 
program-  These  data  will  Include  an  accurate  description  of  the  point 
sampledt  datai  sample  numberi  field  parameter  measurements  (pHi  temperaturei 
and  specific  conductivity)!  sample  fractions!  and  the  sampler's  name- 

The  sample  will  be  collected  either  directly  In  the  sample  contuiner  or  In  a 
bailer  from  which  the  water  Is  decanted  Into  the  sample  bottles.  Labels 
with  the  sample  number  and  date  will  be  attached-  Sample  number  and  date 
will  also  be  written  on  the  sample  bottles  as  described  in  Section  3-9-1  of 
the  Task  1  Technical  plan-  Samples  will  be  stored  on  Ice  In  coolers  at  4°C- 

3  -  3  -  2  -  2  Saiuple-CaDtaineca_and_£cese£vaLian 

Surface  water  samples  will  be  preseived  as  required  by  USATHAMA  Geotechnical 
Requirements-  In  general i  samples  for  organic  analysis  will  be  collected  In 
amber  glass  bottles  with  Teflon-lined  caps-  Samples  for  inorganic  analysis 
will  be  collected  In  polyethylene  bottles- 

3  -  3  -  2  -  3  Chain=Q£=CuatQdy 

Chaln-of-custody  forms  will  be  completed  by  the  samplers  and  checked  by  the 
Field  Team  Leader  according  to  the  procedure  described  In  Section  5-0  of  the 
Task  1  Geotechnical  Plan- 

3  -  3  -  2  -  4  Sample-SbipaieoL 

Samples  will  be  packaged  and  shipped  according  to  the  procedures  de.scrlbed 
In  Section  5-0  of  the  Task  1  Geotechnlc.al  Plan-  Chaln-of-custody  forms  will 
accompany  all  samples- 
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SURFACE  WATER  SAMPLING  FORM 

Station  ID  _ _  Data  _ 

_  Sample  Tima  _ 

Collected  by _ ESE  Sample  Number 

Sample  Splits  Collected  tar 

Fraction  Sampled  C  V  V  V  OB  DC  W1  W2  W3  _  _ 

Visual  Appearance  of  Stream/Lake _ 

Visual  Appearance  of  Sample _ 

Sampling  Location _ 


Sampling  Method  . .  . 

Discharge  Meaaure  With _ 

DIachargs  statt  Qage  Reading 

Weather  Conditions  Now _ 

Precipitation  Past  Day  . 

Comments  _ 


FIELD  CHEMISTRY 

Calibration:  pH  Meter  Used: _ 

pH 7.00-  _ at  _ ‘C,  pH  10.00-  _ at  _ ‘C 

Conductance  Meter  Used:  _ _ _ 

Standard  _ umhos/cmat25*,  Reading  _ umhos/cmat  _ *0 


Time 

Temp.  ’C 

pH 

Conductance 

Conductance  at  25  *C 

at  *C 

Remarks: 


Collected  by _ 

Bionaiure 

Checked  by  _ 

Henalure 


bets 


Oats 


Figure  3.3-4 

SURFACE  WATER  SAMPLING  FORM 


Prepared  for. 

U.8.  Army  Program  Manager’s  Office 
For  Rocky  Mountain  Areenal 
Aberdeen  Previns  Qround.  Werylend 
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3. 3. 2. 5  Schedule 

As  statQdi  samples  will  be  collected  on  o  quarterly  basis.  In  the  event 
that  a  sample  cannot  be  collected  as  a  result  of  dry  or  no  flow  conditions) 
sampling  will  be  performed  during  periods  of  major  rainfall  when  streamflow 
is  renewed.  If  any  abnormalities  (oil  sllcksi  unusual  coloration)  etc.)  are 
observed)  a  sample  will  be  collected  at  that  time. 

Event  sampling  will  be  conducted  as  practical.  This  allows  for  sampling  to 
follow  precipitation  events  that  produce  runoff  in  otherwise  dry  streams. 
Event  sampling  will  also  be  undertaken  as  practical  on  the  main  inflows  to 
RMA  and  at  North  First  Creek  as  it  leaves  RMA. 
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4.0  CHEMICAL  ANALYSIS 

The  objectives  of  the  chemical  analysis  program  are  to  provide  PMO-RMA  with 
reliable)  statistically  supportable)  and  legally  defensible  chemical  data 
regarding  type  and  level  of  contamination  in  surface  and  ground  water  at 
RMA.  Task  44  requires  various  analytical  techniques  to  be  performed  on 
collected  samples  to  achieve  a  quantitative  determination  of  water  quality. 
Semlquantltatlve  confirmation  of  analytes  Identified  by  quantitative  methods 
and  a  semlquantltatlve  identification  of  nontarget  compounds  are  also 
Included. 

The  modified  schedule  of  50  compounds  utilized  In  Task  4  was  adopted  for 
Task  44)  with  the  inclusion  of  benzothlozol .  This  analytical  schedule 
Includes  seven  organochlorlne  pesticides)  DCPD)  methyl Isobutylketone  (MIBK)) 
DIMP)  DMMPi  DBCP)  6  orgonosulfur  compounds)  5  volatile  aromatics >  12 
volatile  organohalogens)  and  IS  Inorganic  parameters  (Table  4.0-1). 
Semlquantltatlve  methods  (GC/MS)  will  be  used  to  screen  for  24  purgeable  and 
25  extractable  compounds  (Table  4.0-2))  and  to  identify  nontarget  analytes. 
The  current  analytical  list  was  derived  from  various  sources  that  include: 
o  An  evaluation  of  contaminant  source  characteristics  at  RMA  and 
compounds  attributable  to  activities  at  these  sltesi 
o  A  review  of  the  historical  chemical  data  and  recognition  of 
compounds  previously  detected!  and 

o  Additional  Input  from  the  Memorandum  of  Agreement  (MOA)  parties. 

The  same  50  compound  analyses  schedule  discussed  above  Is  used  for  both  the 
quarterly  and  semiannual  sampling  efforts.  Approximately  10  percent  of  the 
collected  samples  will  be  analyzed  by  CC/MS  techniques.  Wells  with  samples 
that  contain  a  large  number  of  analytes  or  with  high  baseline  concentrations 
wll  be  given  priority  for  CC/MS  analysis. 

Defenslblllty  and  technical  quality  of  the  data  will  be  assured  by  proper 
documentation  of  procedures  used  during  the  .'inalyi  leal  .survey.  Sniiiple 
preparation)  materials)  shipping,  handling,  chaln-of -custody  procedures) 
etc.  will  be  consistent  with  those  required  in  Task  1. 
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Table  4.0*1.  Gheadcel  Analysia  -  Task  44  (Page  1  of  2) 


Analysis/Analycea 


Hold  Tune 


Laval  of 
Certification 


Reference 

Methods 


Hsthod 


Organochlorine  Pesticides 
Aldrin 
Endrin 
Dieldrin 
Isodrin 

Hexachlorocyclopentadiene 

p,p'-DDE 

p.p'-DEE 

Chlordane 

Volatile  Organdhaloaens 
Chlorobenzene 
Chloroform 
Carbon  Tetrachloride 
trana-1 ,2-Dichloroethylena 
Trichloroethylene  (TGE) 
Tetrachloroethylene 

1 . 1- Dichloroethylene 

1 . 1- Dichloroethana 

1.2- Dichloroethane 

1 .1 .1- Trichloroethane 

1 . 1 .2- 1^  ichloroethane 
Methylene  Chloride 


P-Chloropheny1fflethylsulfone 

(pcm^2> 

P-Chlorophenylmethylsulfoxide 

(PCFMSO) 

P>Chlorophenyljiiethylsulfide 

(PCFMB) 

1 ,4^Dithlane 
1  lA'Oxathiane 
Dinethyldisulfide  (EMEfi) 
Benzothiozol 


Extract  as 
quickly  as 
possible.  (No 
more  than  7 
days) .  Analyze 
within  40  days 
of  extraction. 


14  days 
14  days 
14  days 
14  days 
14  days 
14  days 
14  days 
14  days 
14  days 
14  days 
14  days 
14  days 


Extract  as 
quickly  as 
possible .  (No 
more  than  7  days.) 
Analyze  within  40 
days  of  extraction. 


Quantitative  EPA  608 


CAI^GC/ECD 


Quantitative  EPA  601 


PACK-Gc/Hall 


Quantitative 


PACK-GC/FPD-S 
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Table  4.0-1.  Chadcal  Analyaia  -  Taalc  44  (Page  2  of  2) 


Level  of  Reference 

Analyaia/Analytea  Hold  Tim  Certification  Methods  Method 


DCPD/MIBK 

Quantitative 

EPA  606 

CAP-QC/FID 

Dicyclopentadiene/ 

EMiract  as 

Methylisobutylketone 

1 

quickly  as 
possible.  (No 
more  than  7 
days).  Analyze 
extract  within 

40  days  of 
extraction. 

DIMP/CMMP 

DiiaopropylmthylplioBphonate/ 

Analyze  within  40 
of  extraction. 

Qualitative 

EPA  622 

PACK-GC/FPD-P 

Dimthylmethylphoaphonate 

racp 

Quantitative 

CAP-QC/ECD 

Dibromochloropropane 

Extract  as  quickly 

as  possible  (No 
more  than  7  days). 

Analyze  extract 
within  40  days 
of  extraction. 

Inoraanics 

Calciun 

Magnesium 

Sodium 

Potassium 

Cacknium 

Analyze  within 

Quantitative 

EPA  200 

Inductively  Coupled  Plasma 

Copper 

Chroniun 

Lead 

Zinc 

Arsenic 

6  months 

EPA  206 

AA-Hydride 

Mercury 

Analyze  within 

EPA  245  Cold  Vapor 

Chloride 

Fluoride 

Sulfate 

28  days 

EPA  300 

Ion  Chrcmatograph 

Nitrate  Nitrite 

28  days  with 

H28O4  (Ph  of  2); 

48  hours  with 
chilling  only 

EPA  352.1 

Auto  Analyzer 

Source:  E8E,  1985. 
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Table  4.0-2.  CompoundB  Analyzed  by  Soniquancicacive  Methods 


Analysis/ Analytes 


Level  of  Reference 

Hold  Tine  Certifiration  Methods 


Purg*ahl»a  Sendquantitative  ERA  624 

Ethylbenzene  14  days 

Benzene 
MIBK 
rMD6 

1 .1- Diehloroethane 

1 . 2- Dichloroethane 

1 ,1 1  l-Trichloroethane 

1 .1 .2- Trichloroethane 
Methylene  chloride 
Chloroform 

Carbon  tetrachloride 
tran»-l  ,2-Dichloroethylene 
Toluene 
Chlorobenzene 
Tetrachloroehtylene 
Trichloroethylene 
m-Xylene 

o-  and/or  p-Xylene 
DBCP 

Dicyclopentadienc 
Bicyeloheptadiene 

1 .2- DichloroethanB 
Methylene  chloride 
Ethylbenzene 

Extractables 
Aldrin 
Atrazine 
Chlordane 

pcms 

FCEMSO 

Fcmso^ 

EBCP 
DCPD 
4,4 -DDE 
4,4'-DDr 
Dieldrin 
DIMP 
Dithiane 
Endrin 
HCCPD 
Isodrin 
Malathion 
Oxethiane 
Parathion 
Supona 
Vapona 

2-Chlorophenol 

1 .3- Dichlorabeneene 
Diethylphthalate 
Di-n-Oetylphthalate 


Semiquant itative  EPA  625 

Extract  as  (neutral 

quickly  as  extraction) 

possible.  (No 
more  than  7 
days).  Analyze 
extract  within 
40  days  of 
extraction. 


Bouree:  EBB,  1985 
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Method 


GC/NS 


OC/MS 
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5.0  qUAMTY  ASSURANCE 

Quality  Assurance  for  Task  AA  will  be  consistent  with  the  Field/  Laboratory 
QA  Plan  developed  for  Task  1  activities.  The  plan  is  project  specific  and 
describes  procedures  for  controlling  and  monitoring  sampling  and  analysis 
activities  as  required  under  Task  AA.  As  designed,  the  Field/Laboratory  QA 
Plan  will  ensure  the  production  of  valid  and  properly  formatted 
documentation  concerning  the  precision)  accuracy)  and  sensitivity  of  each 
method  used  for  USATHAMA  sampling  and  analysis  efforts.  The  plan  Is  based 
on  USATHAMA  April  1982  QA  program  requirements  as  modified  by  U.S.  Army 
AMCCOM  Procurement  Directorate  and  ESE.  as  well  as  certified  analytical 
methods  submitted  to  and  approved  by  USATHAMA.  The  plan  is  presented  In 
Appendix  B  of  the  Task  1  Technical  Plan.  Specific  RMA  QA/QC  requirements 
are  detailed  In  Section  5.0  of  the  same  document.  Field  QA/QC  procedures 
are  summarized  In  Table  5.0-1. 
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Tri>le  5.0-1.  Field  Q4/QC 
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6.0  nATA  MANACKMENT  PLAN 


6 . 1  ELAN_SUMtlA&I 

This  document  presents  the  Data  Management  Plan  that  will  be  used  by  ESE  for 
Task  The  plar  covers  both  computer  and  hard  copy  Information 

management.  As  specified  In  the  contract,  all  data  will  be  presented  to 
USATHAMA  in  the  appropriate  format  and  entered  Into  the  IR-DMS  Unlvac 
1100/61-  USATHAMA  has  provided  an  I&_DaLa_Maij  igemeiit-lJaBrls-GuidE ,  Version 

34.1  (USATHAMA,  1984)  to  ESE  for  this  purpose-  ESE  utilizes  microcomputers 
with  telecommunications  to  transmit  Information  to  the  USATHAMA  computer. 
Data  will  be  controlled  as  necessary,  according  to  the  Privileged  Litigation 
Information  Manual  (see  Appendix  C,  Task  1  Management  Plan). 

■'’is  plan  describes  the  integration  of  the  ESE,  HLA,  and  Installation 
Restoration-Data  Management  System  (IR-DMS)  systems,  an  overview  of  which  Is 
presented  In  Figure  6.1-1,  and  the  data  acquisition  and  control  activities 
associated  with  sample  collection,  laboratory  analysis,  QC,  and  data 
reduction . 

The  way  In  which  quantitative  and  semlquant i tat Ive  data  will  be  handled  In 
this  survey  Is  shown  In  more  detail  In  Figure  6-1-2-  Automated  data 
handling  at  ESE  In  Gainesville,  Florida,  and  Denver,  Colorado  facilitates 
the  coordination  of  the  laboratory  and  field  portions,  of  the  project. 
Holding  times  are  readily  monitored  the  status  of  analyses  Is  constantly 
updated,  and  analytical  results  are  automatically  checked  against 
preprogrammed  QC  criteria.  All  of  this  Information  Is  available  as  computer 
printouts  and  remains  permanently  stored  for  reference-  Data  will  be 
validated  by  checking  the  accuracy  of  analytical  results  and  transcript lon- 
ESE  has  developed  a  system  using  IBM-PC  compatible  microcomputers 
(hereinafter  referred  to  as  a  mt  croconipiiter )  for  eiiteritig  rluMiii  i;.i  I  d.ii.t- 

Field  data  files  (l-e-,  map  file,  field  drilling  file,  and  grourul  water 
stabilized  file)  will  be  created  in  I'enver  uaing  ml  ci  ocompui  ot  system. 
These  files  will  be  transferred  to  ESE  Gainesville  via  telecommunications. 
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ESE  Pre-Field  Setup 


Field  Data  And 
Sampling  Collection 


ESE  Data  Management 

/Field  Data  Direct  Entry\ 

And 

f  ESE-Denver  \ 

Quality  Control  System 

\  Using  IBM-PC  Compatible  ) 

(Gainesville/Denver) 

Microcomputers  ^ 

Laboratory  Database 


Reformat 
For  IR-DMS 
Prime 


Validate 


USATHAMA  Methods 
Documentation 
Database 


Transfer  To  IBM-PC 
Compatible  Microcomputers 


Transfer  To  IR-DMS 
IBM-PC  Compatible 
Microcomputers 


Final  Data 


Figure  6.1-1 

Prepared  for: 

U.S.  Army  Program  Manager’e  Office 

OVERVIEW  OF  THE  DATA 

MANAGEMENT  PLAN 

For  Rocky  Mountain  Arsenal 

SOURCE:  ESE.  1987 

Aberdeen  Proving  Ground.  Maryland 
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Files  will  be  vnllHsted  by  the  QA  Supervisor  and  sent  to  the  IISATIIAMA 
computer  using  the  telecommunications  facility  of  the  microcomputer.  The 
Data  Management  Plan  describes  each  of  the  steps  required  to  control  the 
flow  of  data  from  field  trip  preparatloni  sample  collection,  and  field  note 
recording  through  data  reduction,  validation,  and  assembly  In  the  required 
format  for  storage  In  IR-DMS-  This  plan  Includes: 

1.  Data  logging  and  chaln-of -custody  recording  procedures  such  as: 

a-  Sample  labeling  procedures) 

b.  Sample  transmittal  forms)  and 

c-  >  Analysis  report  forms. 

2.  Details  of  the  procedure  for  Interfacing  ESE  computerized  QC  data 
handling  methods  with  IR-DMS. 

3.  Data  coding  and  tape  generation  procedures.  This  format  will 
conform  to  requirements  specified  In  the  lE_Data..ManagBmeDl_Usecla 
Guide  (USATHAMA,  198A). 

A.  Procedures  for  transfer  of  data  from  ESE  to  USATHAMA. 

Before  being  sent  to  USATHAMA.  data  must  pass  the  QC  checks  In  the  ESE  data 
system  and  be  reviewed  by  the  appropriate  discipline  manager.  Once  this 
review  Is  complete,  the  data  will  be  transferred  to  the  USATHAMA  data  system 
using  the  microcomputer  as  an  Intermediary  between  ESE's  Prime  computer  and 
USATHAMA' s  computer.  The  data  will  first  be  transferred  from  the  Prime  to 
the  microcomputer  and  stored  on  tape  or  disk.  The  data  will  then  be 
transmitted  from  the  microcomputer  to  the  USATHAMA  computer  via  long-distance 
telecommunications.  In  the  event  of  equipment  failure  or  extremely  large 
files,  a  9-track  magnetic  tape  will  be  sent  to  USATHAMA.  The  data  will  be 
checked  by  the  Laboratory  Data  Coordinator  (LDC)  using  USATHAMA's  data 
checking  program-  If  the  data  pass  this  check,  they  will  be  upgraded  to 
Level  2  files.  The  ESE  QA  Supervisor  will  perform  a  data  validation  check 
at  appropriate  Intervals,  so  that  valid  dntn  will  be  used  In  the  data 
checking  program  and  Level  2. 
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6  ■  2  SYSt£M.DESCEI£I10tI 

6.2.1  REQUIREMENTS  PRIOR  TO  SAMPLE  COLLECTION 

The  task  geologist  Is  responsible  for  organizing  field  efforts.  At  the 
outset  of  the  project,  a  New  Project  Setup  (NFS)  form  Is  completed  by  the 
Project  Manager  or  designate  and  entered  Into  the  ESE  computer  by  the  LDC. 

Prior  to  each  field  trip,  a  Pre-Field  Setup  (PFS)  form  Is  completed  by  the 
task  geologist  and  Chemistry  Laboratory  Coordinator  (CLC)  at  ESE. 

Information  requirements  for  the  PFS  form  ate: 

1.  A  list  of  sample  station  descriptors; 

2.  A  list  of  fractions  to  be  collected  at  each  station; 

3.  A  list  of  parameters  [by  EPA  Storage  and  Retrieval  (STORET) 
number!  required;  and 

4.  A  field  sampling  plan. 

The  Information  from  the  PFS  form  is  entered  In  the  computer  by  the  LDC. 
Entry  of  the  PFS  form  results  In  the  following  events: 

1.  Sample  numbers  are  assigned  to  stations; 

2.  Sample  labels  (Figure  6-2-1)  are  printed  for  each  fraction  to  be 
collected;  and 

3.  A  logsheet  (Figure  6.2-2)  which  details  the  fractions  and  stations 
Is  printed.  Use  of  the  computer  eliminates  transcription  errors 
between  sample  numbers  on  labels  and  on  the  logsheet. 

The  LDC  sends  the  logsheet  and  sample  labels  to  the  ESE  Denver  office,  where 
they  are  given  to  the  task  geologist. 

A  field  sampling  plan  Is  Included  as  part  of  the  PFS  and  Is  distributed  to 
the  field  team,  analytical  department  managers,  and  LDC-  The  following 
Information  Is  required  In  the  field  sampling  plan; 

1.  Project  organization! 

2.  Departure  and  return  dates i 

3.  Lodging  accommodations  and  telephone  numbers i 

4.  Sample  collection  plan  and  wampie  return  schedule! 

5.  List  of  parameters  with  short  holding  times,  and 

6.  List  of  necessary  equipment  for  sampling. 
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Figure  6.2-1 
TYPICAL  SA 


TYPICAL  SAMPLE  LABELS 
(Reduced) 

SOURCE:  EBE,  1963 


Prepared  for: 

U.S.  Army  Program  Manager’s  Office 
For  Rooky  Mountain  Araanal 
Al3trdsin  Proving  Qround,  Msrylsnd 
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ENVIROMHEHTAL  SCIENCE  i  ENGIMEERIHG  07-16-87  ***  FIELD  LOGSHEET  •**  FIELD  GBOOP: 

PROJECT  NUMBER  PROJECT  NAME:  LAB  COORD. 


F  ur  6  2  2  Prepared  Ion 

T^ICAL  LOGSHEETS  FOR  FIELD  USE  Program  Manager’s  Office 

(Reduced)  For  Rocky  Mountain  Arsenal 
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Ench  field  group  which  Is  sot  up  on  fho  system  Includes  the  following  datn 
•ntrlas  to  facilitate  converting  data  into  the  IR-DMS  format. 

ESE  and  EFA 

SIO&EI-Hufflhara  _ Earamelacsic _ 

71999 
99759 
99758 
72005 
99720 

*  cm  ■  centimeters- 


Sample  Type 
Site  Type 
Sample  Depth  (cm) 
Sampling  Technique 
Installation  Code 


6.2.2  FIELD  ACTIVITIES  AND  REQUIREMENTS 

During  sample  collection,  field  notes  will  be  taken  in  a  waterproof 
notebook.  The  field  notes  will  Include  all  of  the  information  necessary  for 
later  Input  Into  computer  records,  as  specified  li  the  USATHAMA  IR-DMS- 

All  samples  collected  will  be  Immediately  preserved,  and  the  various 
fractions  of  a  sample  will  be  Identified  by  an  alphabetic  suffix  appended  to 
the  sample  number- 

Before  shipping  to  the  ESE  laboratory,  the  Site  Geologist  will  fill  out  a 
logsheet  to  Include  Information  on  date  and  time  of  sample  collection,  field 
data,  and  hazard  codes  (If  any)  and  add  his/her  signature- 


Sample  fractions  which  do  not  require  Immediate  analysis  may  be  returned 
with  the  Field  Team-  The  task  geologist  Is  responsible  for  ensuring  the 
correct  collection,  preservation,  and  shipping  procedures  are  followed- 


The  logsheet  will  accompany  the  samples  in  shipment  and  will  provide  chatn- 
of-custody  documentation.  The  task  geologist  will  sign  when  relinquishing 
the  samples,  and  the  CLC  at  ESE  will  verify  and  sign  the  logsheet  whuti 
receiving  the  samples.  The  samples  will  be  stored  In  a  locked  uold  room- 
Analysts  will  sign  a  checkout  sheet  when  removing  the  samples  for  an..i lysis 
from  the  cold  room. 
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The  labels  shown  In  Figure  6- 2-1  will  be  used  at  all  times  to  reduce  the 
possibility  of  erroneous  analysis  of  Improper  sample  fractions* 

The  required  method  of  shipment  is  a  function  of  the  holding  times  of  the 
constituents  being  analyzed*  For  instanca.  If  a  particular  fraction  Is  to 
be  analyzed  for  a  parameter  with  a  holding  time  of  12  hoursi  the  sample  must 
be  shipped  so  that  it  will  arrive  at  the  laboratory  and  be  analyzed  within 
11  hours  of  the  time  of  sample  collection-  Other  fractions  of  that  same 
sample  may  be  shipped  either  later  or  by  slower  transportation)  If  permitted 
by  holding  times. 

6.2-3  SAMPLE  COLLECTION  COORDINATES 

Sampling  sites  will  be  located  and  recorded  on  the  appropriate  Input  form. 

A  local  grid  coordinate  system  will  be  set  up  at  each  site-  If  a  suitable 
benchmark  Is  available)  these  coordinates  will  be  converted  and  each 
sampling  location  will  be  identified  using  the  Universal  Transverse  Mercator 
(UTM)  or  State  Planar  coordinate  system- 

6.2.4  REQUIREMENT  PRIOR  TO  SAMPLE  ANALYSIS 

Samples  will  be  received  by  the  CLC  designated  by  the  Chemical  Analysis 
Supervisor.  The  CLC  checks  In  the  samples  and  verifies  the  completeness  of 
the  logsheet.  If  any  problems  exist)  the  field  team  Is  Immediately 
notified-  The  Laboratory  Coordinator  must  then; 

1.  Obtain  control  samples  from  the  QA  Supervisor; 

2.  Notify  the  Analytical  Coordinators  that  samples  have  arrived; 

3.  Ensure  that  the  samples  ace  properly  stored;  and 

4-  Send  the  completed  logsheet  to  the  Data  Management  Supervisor- 

The  Information  from  the  logsheet  Is  then  entered  Into  the  computer  to 
activate  the  parameter  list  for  the  samples  collected  and  received  by  the 
laboratory.  This  operation  Is  called  a  post  field  entry  (PFE).  Upon  Input 
of  the  PFE)  the  computer  Identlfljs  the  parameters  th.nt  have  less  than  3-rlay 
hold  times.  A  notice  of  sample  arrlvol  and  rhort  holding  time  Is  then 
immediately  sent  to  the  Analytical  Department  Managers  and  the  QA 


1 1'  ■  t)U  .  iU 

03/08/88 


Supervisor-  The  dnUy  report-  of  snmples  avnUable  for  each  analysis  will 
also  Indicate  the  number  of  days  left  before  the  holding  time  Is  exceeded- 
This  report  is  distributed  to  each  analytical  department)  and  the 
Information  can  also  be  accessed  readily  from  the  Prime  computer  by  the  CLC 
or  any  analyst  in  the  Chemistry  Division  In  Gainesville- 

6-2-5  SAMPLE  IDENTIFICATION  NUMBERS 

ESE  uses  a  batch  method  for  analyzing)  checking  QC)  and  calculating  final 
results  of  samples-  Prior  to  analyzing  a  batch  of  samples)  the  analyst  will 
be  assigned  a  specified  group  of  samples  by  the  computer)  and  the  sample- 
parameter  status  will  be  updated  to  "IL“  (in  laboratory)-  The  basis  for 
this  grouping  technique  ia  that  data  are  analyzed  In  groups  of  samples  for 
the  same  parameter(s)  with  the  same  standarl  curve(s)  and  QC  checks  and  can 
be  extracted  or  analyzed  (whichever  Is  the  most  limiting  factor)  in  1  day- 
The  analytical  batch  is  assigned  a  unique  batch  control  number)  which  is 
stored  with  all  final  data)  so  data  can  be  checked  by  referring  to  the 
original  results-  For  USATHAMA  projects)  a  three-character  alphabetical  lot 
designation  is  assigned  to  each  analytical  batch-  Each  sample  in  the  batch 
will  then  be  assigned  a  numerical  suffiX)  starting  with  OOli  to  the  three- 
character  alphabetical  prefix-  Only  USATHAMA  samples  will  be  included  in 
any  batches  that  contain  USATHAMA  samples-  Using  this  scheme >  there  will  be 
an  indirect  relationship  between  ESE's  unique  sample  number  and  the  USATHAMA 
sample  number  (i-e--  data  for  ESE  Sample  No-  71200  could  be  reported  as 
AAAOOl)  AAROOA )  and  ABAOOl t  an  AAA002  sample  could  not  be  reported  for  ESE 
Sample  No-  71200)  if  the  above  conditions  exist )- 

6-2-6  REQUIREMENTS  FOR  SAMPLE  ANALYSIS  AND  DATA  INTERPRETATION 
The  analysis  of  each  laboratory  batch  usually  consists  of  a  multi-stage 
process-  In  the  first  stagS)  Instrument  calibration-  the  ESE  data 
management  system  includes  several  QC  checks-  The  linear  regression 
equation  and  correlation  coefficient  Is  tested  to  determine  whether  It  Is 
within  an  acceptable  range  specific  to  the  parameter-  In  addition-  the 
constancy  of  the  calibration  response  is  checked  by  conipurlng  preanalysis 
and  postanalysis  standard  response  and/or  response  factors- 
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If  the  data  fall  the  QC  checkst  appropriate  actlona  (such  as  reanalyzing  the 
samples  or  correcting  transcription  or  data  reduction  errors)  are  taken. 

When  the  data  pasei  the  final  data  are  stored  in  a  computer  data  flloi  along 
with  a  lot  control  number  and  a  status  of  the  final  concentration 
(l.e. I  >»  <1  etc.)* 


Analysts  use  the  computer  to  reserve  samples  for  analysis  and  to 
Interactively  check  calibration  curves  and  ()C  results-  By  allowing  the 
analyst  to  enter  data  directly  and  check  (}C  and  sample  results ■  immediate 
notification 'to  the  analyst  of  QC  problem  resultsi  so  that  any  necessary 
corrective  action  can  be  taken  before  more  analyses  are  completed- 
Laboratory  analysts  are  not  permitted  to  update  sample  records-  When  the 
analyst  has  entered  the  QC  and  sample  data-  the  Army  lot)  Including 
worksheets  and  any  other  pertinent  documentation*  is  turned  In  to  the  LDC- 
The  computer  produces  a  report  in  both  USATllAMA  format  and  standard  ESE 
report  format  for  preliminary  review-  These  printouts*  along  with  the  data 
package  from  the  laboratory  analyst*  are  attached  to  the  Army  data 
transmittal  form  (Figure  6-2-3)  for  approval  by  appropriate  coordinators  and 
the  QA  Supervisor-  Then  the  file  is  transmitted  to  a  Level  1  file  in 
IR-DMS*  either  by  telecommunication  or  by  mailing  a  9-track  magnetic  tape  to 
USATH/VMA-  Special  software  will  be  used  to  verify  files  to  ensure  no 
transmission  errors  occur-  The  data  are  then  formatted  to  conform  to 
USATHANA  specification  by  incorporating  chemical*  field*  and  certification 
data-  The  data  will  be  sent  to  USATRAMA  in  the  same  manner  ESE  data  is 
sent  - 

The  program  for  generating  the  final  report  has  the  capability  of  organizing 
the  STORET  numbers  and  sample  numbers  In  any  sequence  specified-  An  example 
of  the  report  format  is  presented  in  Figure  6-2-A- 

6  •  3  ItlI£El;JCnflG.£S£-AtlD_USAmAUA-&AIABASE_UAMAG£U£NT-SIST£US 
6-3-1  DATA  FORMATTING 

All  of  the  ()C  checks  and  data  manipulations  described  in  the  preceding 
section  are  performed  on  ESE's  microcomputers  and  Prime  computer  system- 
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The  dntnbnse  for  this  systnni  \isod  a  keyed-index  access  technlrine.  with  a 
highly  organized  set  of  Internal  file  pointers.  The  system  luis  been 
modified  to  contain  Information  specific  to  converting  data  from  ESE's 
database  to  USATHaMA  format.  Files  have  been  organized  on  the  system  to 
contain  Information  such  as  conversions  between  STORET  numbers  and  USaTHAMA 
abbreviations)  as  well  as  methods  documentation  data  and  field  data.  When 
all  of  the  data  have  been  entered  Into  the  system  for  a  particular  set  of 
data)  a  program  Is  run  to  access  all  of  the  pertinent  databases  for 
reformatting  Into  USATHAMA  format  and  to  store  the  reformatted  data  in  the 
chemical  sampling  and  analysis  data  file.  The  Prime/IR-UMS  lnterfa:e  will 
be  adapted  to  future  changes  In  USATHAMA  formatting)  as  applicable-  These 
changes  are  periodically  announced  via  mailings  or  updates  to  the  IR_lJata 
MaoageoieQl-llaflrla-Guide  and  modified  software  tapes. 

The  remaining  geotechnical  data  entries,  such  as  field  drilling  file,  map 
file,  well  construction  file,  and  the  ground  water  and  stabilized  file,  will 
be  entered  from  forms  filled  out  by  the  Field  Team- 

Geotechnical  data  will  be  entered  Into  the  microcomputer  in  the  ESE  Denver 
office  using  special  software  to  format  map  flies,  field  drilling  files, 
ground  water  stabilized  files,  and  well  construction  flies.  This  will  allow 
necessary  communication  with  the  Site  Geologist  for  review,  corrections,  and 
approval.  When  the  flies  are  completed,  they  will  be  transferred  to  the 
microcomputer  at  ESE  In  Gainesville  via  telecommunications  for  transmittal 
to  USATHAMA. 

6-3-2  DATA  TRANSMISSION 

ESE  has  developed  a  direct  Interface  between  microcomputers  and  ESE's  Prime 
minicomputer-  Using  this  Interface,  data  files  on  the  Prime  can  be 
transferred  to  the  microcomputer  and  sent  by  telecomnuinlcat  lon.s  to  IISAITIAMA. 

6-3-3  DATA  FILE  STATUS  TRACKING 

A  program  has  been  developed  at  ESE  to  track  data  llles  at  various  aiages  of 
development  and  to  keep  all  project  participants  apprised  of  data  file 
status  (Figure  6-3-1).  The  program  indicates  when  flies  are  sent  to 
USATHAMA,  when  they  are  loaded  to  Level  1  and  Level  2,  when  the  appropriate 


6-lA 


a> 

u 


(-15 


IP.tiO.  lb 

03/08/88 


dnta-c’herki Tig  routine  Is  passed  (If  applicable),  and  when  flics  are 
validated.  A  copy  of  the  file  status  for  an  entire  project  will  be  Included 
In  the  monthly  Cost  and  Performance  Report. 

6 . k  USAIHAMA_DAIABASE_MAtlAGEMEMI_SYSTEM_QPERATIQN 

The  IB^Cala-UaDagemeal-liaecls-Gulde  (USATHAMA.  198/t)  furnished  by  the  Data 
Management  Staff  of  the  Central  Processing  Site.  Aberdeen,  Maryland, 
provides  the  formatting  requirements  and  field  codes,  as  well  as  a  listing 
of  the  software  and  hardware  available  to  access  the  USATHAMA  IR-DMS.  The 
l£_Qala-Managameal_llaBcIs_Guide  specifies  formatting  for  the  possible  data 
entries.  A  combination  of  programs  developed  by  USATHAMA  for  the  ESE  Prime 
computer  will  be  used  for  entering,  checking,  and  formatting  data  Into 
IR-DMS.  As  shown  In  Figure  6.1-1,  IR-DMS  receives  data  from  the  ESE  data 
management  system  In  which  data  have  passed  the  required  QC  criteria- 

According  to  the  contract  specifications,  data  will  be  transmitted  to 
USATHAMA  weekly.  Data  entering  IR-DMS  are  Input  to  the  first  level  of  a 
three-level  system. 

6.4.1  DATA  FILE  LEVEL  STATUS  CONTROL 

The  levels  approach  have  been  adopted  by  USATHAMA  to  clarify  the  status  of 
data  files-  A  Level  1  file  Is  considered  to  be  any  data  file  that: 
o  Contains  unvalldated  data; 

o  Is  not  necessarily  structured  according  to  the  formats  outlined  In 
this  document;  or 

o  Is  a  scratch  file  that  a  user  might  have- 

Level  1  files  are  the  sole  responsibility  of  the  originating  user  and  will 
be  processed  immediately  after  verification  of  accurate  transmission  of  the 
data  to  the  USATHAMA  computer-  The  Level  1  flies  will  be  deleted  a.s  .soon  .ns 
the  data  are  elevated  to  Level  2.  A  m.n:<lmum  of  30  c.nlendnr  day.s  I  .s  ;il  lowed 
before  the  Level  1  data  file  Is  automni  Lcally  deleted  from  stor.nge  by 
USATHAMA,  In  accordance  with  the  IR-DMS  policy  of  September  ') .  l'J83. 
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All  cheinlcnl  rfnta  '  lea  are  proressod  throntsh  USATIIAMA's  clicmlonl  datn 
checking  program-  <  la  program  checks  for  file  format  and  content  and 
rejects  data  not  meeting  all  requirements-  Rejected  data  are  corrected  andi 
If  necessaryi  reviewed  by  the  QA  Supervisor  and  the  LDC  and  then  rechecked 
by  the  data-checklng  routine-  When  the  files  pass  the  data  check,  they  will 
be  upgraded  to  Level  2  by  the  ESE  Data  Management  Supervisor-  All  files 
produced  as  a  result  of  the  USATHAMA  data-checklng  routines  will  be  deleted 
as  soon  as  the  data  they  contain  have  been  transferred  to  Level  2- 

Level  2  flies  are  structured  according  to  the  formats  outlined  In  the  IE 
Data_UanagaiDent_Uaar.J,fi_Cuide -  I.ecords  contained  In  Level  2  files  may  bo 
accessed  in  the  read-only  mode  by  any  user - 

6-/4 -2  DATA  FILES 

Four  types  of  data  flies  arc  generated  by  field  team  activities!  (1)  the  map 
file,  (2)  the  field  drilling  file,  (3)  the  ground  water  stabilized  file,  and 
(<!t)  the  well  construction  fli  In  addition,  certain  field  sampling 
Information  must  be  !  .  d  entered  into  the  chemical  data  files- 

Map-Eiie 

The  map  file  is  a  llsi  ng  of  'he  site  ID's  of  the  wells  or  other  sampling 
sites,  with  the  north  and  east  coordinates  in  either  State  Planar  or 
Universal  Transverse  Mercator,  and  the  elevation  in  centimeters-  The  well 
sites  are  surveyed,  and  the  coordinates  are  submitted  by  the  task  geologist 
to  the  LDC,  who  creates  the  well  map  file-  A  computer  printout  of  the  file 
Is  checked  and  validated  by  the  QA  Supervisor-  All  geotechnical  and 
chemical  files  required  a  corresponding  map  file  to  be  on  record  before  data 
con  be  accepted  and  transferred  to  the  USATHAMA  computer-  USATHAMA  then 
upgrades  the  data  to  Level  2  status  once  all  QC  checks  are  processed- 

£icid-S£llling-Eile 

The  data  for  this  file  are  taken  from  well  drilling  logs  and  Include 
Information  on  site  identification  (IIi).  dati.'  compleied  lILliology-  Soli 
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Classif Icntlon  System  Codesi  molflfiiret  and  depth.  Once  the  field  drilling 
data  have  been  entered  into  a  file  and  checked  at  the  ESE  Denver  office,  the 
data  are  aent  to  the  Prime  computer  at  ESE  Gainesville ■  The  LDC  then 
submits  the  data  to  USATHAMA's  IR-DMS  in  Level  1.  Once  the  field  drilling 
file  is  submitted  to  USATHAMA  in  Level  It  the  data  are  checked  with 
USATHAMA'S  GEOTEST  program,  which  checks  for  correspondence  between  sites  In 
the  map  and  field  drilling  files,  accurate  entry  of  data,  and  completeness 
in  the  field  drilling  file*  Errors  are  printed  out  for  correction  In  the 
Level  1  file-  Validation  takes  place  after  GEOTEST  Is  run  error-free- 
After  the  ESE  QA  Supervisor  has  validated  the  field  drilling  and  well  map 
file,  the  data  are  elevated  to  Level  2. 

Siahiii2ad_acQund-Uai.ac_£ilfl 

The  ground  water  stabilized  file  is  a  compilation  of  static  water  levels  In 
the  wells  at  the  time  of  sampling.  It  is  submitted  by  the  ESE  Task 
Geologist  after  the  sampling  trip.  The  ground  water  stabilized  file  Is 
submitted  on  Ik-DMS  forms  and  undergoes  the  same  entry,  checking,  and 
validation  procedures  as  the  field  drilling  file.  Including  checking  with 
the  GEOTEST  program. 

Ueli_CoaBLi:uc.t.XaD>Eiie 

The  well  construction  file  describes  the  actual  monitor  well  construction 
and  Includes  such  information  as  Site  ID.  casing  length,  screen  Interval, 
stlck-up.  and  seal.  Like  the  field  drilling  file,  this  Is  compiled  from 
bore  logs  by  the  RNA  Site  Geologist.  The  well  construction  file  follows  the 
same  data  entry,  checking,  validation,  and  transferral  procedures  as  the 
field  drilling  file. 

CbBmical_ADalyaia_£ile 

Field  data  which  will  be  Incorpornted  Into  chemical  flics  arc  submitted 
within  10  days  of  sampling.  This  Information  Includes  sampling  dale, 
technique  and  depth,  site  and  installation  abbreviations,  and  sample  type. 

It  Is  submitted  to  the  LDC  and  Is  verified  In  the  data  mnnagemunt  system- 
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6./1.3  LOGCINC  OF  TRANSMTSSTONS 

All  attempts  by  the  ESE  Data  Management  Supervisor  to  transmit  or  manipulate 
data  in  the  IR-DMS  will  be  documented  In  a  logbook  at  ESE-  This  log  will 
contain: 

o  Date  of  attempt) 

o  Name  of  person  making  the  call: 

o  Installation  name) 

o  Work  performed)  and 

o  Problems  encountered- 

» 

6 .  S  EOCKX_UQUNIAlN.AB&£llAL-.ltiEOfiMAI10N-C£NI£&-LSICl 

The  functions  of  the  RIG  Include:  (A)  maintaining  the  hardcopy  RMA  data  and 
document  repository  for  the  Installation  Restoration  (Contamination  Control) 
Program)  (B)  working  as  an  Interface  between  the  Environmental  Division  and 
the  Manageme.  Information  Systems  Office  of  RMA  for  the  purpose  of  maintaining 
a  digital  database  on  the  RMA  Harris  computer  for  the  Contamination  Control 
Program)  and  (C)  providing  support  to  USATHAMA  during  the  Shell  litigation 
by  updating  the  USATHAMA  Installation  Restoration  Database  and  also  by 
establishing  a  computerized  Information  network  based  on  IBM-PC  compatible 
microcomputers • 

A.  Activities  performed  to  maintain  the  document  repository  Include: 

1-  Acquisition  of  n  i  materials  Including  copies  of  reports, 
maps,  technical  papers,  borelogs.  well  reports,  etc-  and 
computer  printouts  of  physical  and  chemical  data  related  to 
the  RMA  contamination  control  program- 

2-  Cataloging  and  filing  of  new  material - 

3-  Providing  assistance  to  RIC  users  In  obtaining  Informatlon- 
Thls  assistance  may  take  the  form  of  document  searching, 
obtaining  material,  recommending  other  resources,  etc- 

A-  Material  check-out  and  retrieval - 

5.  Creating  monthly  newsletters  which  Include  a  listing  of  all 
hard  copy  Information  added  to  the  RIC  collection- 
6-  Production  of  yearly  catalog  of  RIC  holdings- 
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7<  Malntaialng  RTC  tnnminls  and  lists: 
a>  Procadure  manual t 
b<  User's  guide: 
c<  Special  holdings  list: 
d>  Authorized  users'  list: 

••  List  of  documents  requested  by  date: 
f<  Author/Organlzatlon  common  names  list; 
g-  Newsletter  mailing  list: 

h<  For  Official  Use  Only  (FOUO)  and  Privileged  Information 
document  list  and  handling  instruction; 

!•  Interim  report  and  deleted  control  number  list; 

J-  Map  file  list: 

k>  Documents  out  as  permanent  copies  list;  and 
1<  Photograph  list. 

8.  Maintaining  the  RIC  Satellite  (duplicate  Information)  Center 
located  at  USATHAMA. 

9.  Updating  USATHAMA 's  bibliographic  database. 

Activities  performed  to  maintain  the  Contamination  Control 
Database  Include: 

1.  Data  logging  and  coding. 

2.  Data  entry; 

a.  Hewlett-Packard  to  Tektronix  procedure; 

b.  Tektronix  to  Harris  procedure;  and 

c.  Harris  interactive  procedures. 

3*  Data  verification  and  editing  to  assure  that  data  Is  correct 
In  content  and  format  Is  entered  Into  the  database. 

Updating  the  RMA  Contamination  Control  Database  on  the  Harris 
system. 

5.  Serving  es  an  Interface  between  the  Environmental  Division 
and  the  Management  Information  Systems  Olflce  of  the  RMA  to 
establish  and  maintain  the  RMA  Contamination  Control  Database 
on  the  Harris  530  minicomputer. 
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6-  Sorving  as  nn  Interface  between  RMA  and  USATHAMA  In  the 

oialntanance  of  the  Installation  Restoration  Database  on  the 
USATHAMA  computer. 

7.  Data  retrieval  and  report  production  using  COBOL  programs  and 
the  query  language  on  the  Harris  computer. 

8.  Providing  guidance  to  database  users  on  defining  needs  and 
applying  available  software  routines. 

9.  Preparation  of  formal  and  publishable  reports  consisting  of 
graphs  I  charts  I  computer  plots i  narrative*  etc.  needed  to 

■  support  contamination  control  programs. 

10.  Providing  contamination  control  related  statistical  support 
to  all  branches  and  office  within  the  Environmental  Division- 
Support  Includes  both  descriptive  and  Inferential  statistics 
along  with  computer  produced  reports*  tables*  and  summaries. 
Typical  tasks  Include  the  design  and  analysis  of  experiments* 
analysis  of  variance*  and  guidance  In  statistical  quality 
control . 

11.  Production  and  updating  of  "cookbook"  style  user  guide  for 
the  Contamination  Control  Database. 

12.  Assist  Automated  Systems  Office  physical  scientist  with 
development  of  BASIC  and  FORTRAN  programs  for  analytical* 
quality  control*  and  sample  management  tasks  which  support 
the  RMA  contamination  control  programs. 

13.  Production  of  monthly  report  of  PIC  activities  and  all 
actions  affecting  database  development  and  malntenance- 

Actlvltles  to  support  USATHAMA  during  litigation  Include; 

1.  Providing  USATHAMA  with  computer  tapes  containing  data 
updates  from  the  RMA  Contamination  Control  Database. 

2.  Providing  USATHAMA  personnel,  contractors,  end  other 
Individuals  involved  In  the  litigation  with  data  printouts, 
reports*  summaries*  etc-  from  both  the  USATHAMA  and  RMA  data 
systems. 
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3-  Estflbllshlng  a  microcomputar  Information  network  baaed  on 

IBM-PC  compatible  hardware.  Ihls  Information  network  will  be 
designed  primarily  to  aid  In  the  communication  between 
organizations  responsible  for  responding  to  the 
Interrogatories  from  the  litigation. 

Services  to  be  provided  Include: 

a.  Word  processing: 

b.  Electronic  mall  and  data  sharing  via  computer /modem 
communication: 

.  c-  Computerized  RIC  document  cross-referencing: 

d.  Creating  of  DBase  III  programs  to  produce  miscellaneous 
project  management  reports:  and 

e.  Development  of  computer  programs  for  the  XBM-PC  and 
corresponding  user  manuals  and  Instruction. 
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Th«  purpos*  of  this  section  Is  to  summarize  the  safety,  accident,  and  fire 
protection  standards,  and  to  outline  standard  operating  procedures  to  ensure 
tha  safety  of  all  ESE  and  subcontractor  personnel  performing  Task 
activities  at  RMA.  Responsibilities,  authorities,  and  reporting  procedures 
as  designated  for  Task  44  are  Identical  to  those  designed  for  Task  1  In 
Section  7<0  of  the  Task  1  Technical  Plan. 

The  program  addresses  all  of  the  requirement  of  DI-A-5239B  and  fully 
complies  with  requirements  of  the  Occupational  Safety  and  Health 
Administration  (OSHA)  and  U.S.  Army  Material  Command  (AMC)  Regulation 
385-100,  Army  Regulation  (AR)  385-10,  and  Department  of  Army  Pamphlet 
(DA  PAM)  385-1  for  all  activities  to  be  conducted.  The  program  also 
complies  with  tha  ESE  Analytical  Laboratory  Safety  Plan- 

7.1  lAStL.44.EEQC£QUE£a 

7.1.1  WASTE  CHARACTERISTICS 

In  the  43  year  history  of  RMA,  many  hazardous  substances  have  been 
manufactured,  stored,  or  demilitarized  at  the  post.  Key  compounds  Include 
GB  and  other  nerve  agents,  H  and  L  blister  agents,  munitions,  organochlorlne 
pesticides  and  herbicides,  phosgene,  hydrazine,  and  toxic  metals.  Detailed 
Information  on  many  of  these  compounds  Is  provided  In  Agent  Fact  Sheet, 

SMCRM  Form  357  (RMA,  1984)  and  Military  Chemistry  and  Chemical  Agents,  TM 
3-215  and  AFM  355-7  (U.S.  Departments  of  Army  and  Air  Force,  1963, 
RIC#64221R01) .  Copies  of  this  Information  are  available  at  the  support 
trailer  at  RMA. 

7.1.2  GENERAL  PROCEDURES 

As  Task  44  activities  will  be  RMA  wide,  the  program  will  be  conducted  in 
both  uneontamlnated  and  contaminated  nrcas-  In  order  to  develop  the  moni 
adequate  Safety  Plan  possible,  an  evaluation  of  each  snnipiing  nnJ  monitoring 
station  will  be  made.  This  will  result  In  ench  sninpling  nnd  monitoring 
location  being  treated  separately.  Overall  procedures  and  methods  are 
outlined  In  the  following  sections. 
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An  flren  of  30  ft  will  be  established  arottud  all  wells  and  surface 
monltorlng/sampllng  sites-  This  will  be  considered  a  "hot  zone"  and  all 
personnel  entering  this  area  will  wear  the  prescribed  level  of  protection- 
Before  entering  the  “hot  zone"  all  personal  protective  equipment  will  be 
checked  for  proper  fit  and  operation. 

In  areas  of  known  or  suspected  contamination  the  following  decontamination 
procedures  will  be  followed: 

o  Equipment  decontamination  will  occur  at  the  sampling  slte- 

Ballcrst  pumps  I  and  other  field  equipment  will  be  washed  at  the 
hotline  using  trlsodluro  phosphate  and  water  followed  by  a  triple 
rinse  with  distilled  wateri  and  wrapped  In  a  plastic  bag. 
o  Field  team  members  will  have  a  two-phase  decontamination 

procedure-  Outer  clothing  will  be  rinsed  at  the  hot  line-  After 
this  Initial  decontamination*  field  personnel  will  ride  In  the 
truck  to  the  decontamination  pad-  At  the  pad>  all  disposable 
clothing  will  be  removed  and  discarded  Into  barrels-  The  field 
personnel  will  then  ride  into  the  support  area*  enter  the  field 
wash  traileri  shower*  and  change  Into  street  clothes- 

To  avoid  contaminating  the  vehicle*  the  seats  and  floors  will  be  lined  with 
plastic  at  the  beginning  of  each  day  and  after  lunch-  When  field  personnel 
decontaminate  at  the  decontamination  pad*  this  plastic  will  be  removed  and 
discarded-  The  truck  will  then  be  considered  clean- 

When  sampling  wells  and  surface  water  and  taking  water  level  measurements  In 
Section  36*  the  truck  will  be  considered  contaminated-  The  vehicle  will 
then  be  decontamlnatad  at  the  decontamination  pad  In  Section  36  using  the 
hot  water  pressure  washer- 


7-1-3  SURFACE  WATER  SAMPLING 

Surface  water  within  the  boundaries  of  RMA  will  be  sampled  during  Task  lift- 
The  major  hazards  during  this  activities  are  skin  and  eye  contact  with 
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cont-nmlnBCod  water  aa  well  aa  physically  falling  Into  a  body  of  water.  As 
all  surface  water  sampling  will  be  done  from  the  edge  of  the  water  body  and 
not  from  a  boati  the  falling  hazards  should  be  minimal. 

Levels  of  protection  for  the  surface  water  sampllng/monltoring  portion  of 
Task  are  baaed  on  an  evaluation  of  the  respective  locations  by  the 
Subtask  Supervisor. 

o  Section  36— Field  personnel  will  wear  modified  Level  D  protection 
while  performing  surface  water  sampllng/monltoring  In  Section  36. 
Respirators  will  be  readily  available  and  equipped  with  Scott  642 
OV-H  cartridges.  Saranax-coated  Tyvek  coveralls  will  be  worn 
while  conducting  operations.  Personnel  will  monitor  the  area  with 
a  photolonlzation  detector  to  determine  airborne  organic  vapor 
concentrations. 

o  Other  areas — Field  personnel  will  wear  level  D  protection  at  all 
other  sampling  monitoring  sites.  Protection  will  consist  of  Inner 
and  outer  rubber  gloves •  steel  toe  and  shank  rubber  boots*  goggles 
for  eye  protection*  and  cotton  overalls.  Respirators  will  be 
readily  available* 

All  sampling  and  monitoring  efforts  will  be  performed  in  teams  of  two. 

Before  commencing  activities*  field  personnel  will  check  In  at  the  safety 
trailer-  While  wearing  Level  D  protection*  samplers  will  avoid  submerging 
their  hands  In  water  so  deeply  that  water  drains  Into  the  top  of  the  gloves* 
Cloves  should  be  taped  at  the  wrists  In  modified  Level  D  protection*  Levels 
of  protection  will  be  upgraded  If  the  Safety  Officer  deems  necessary. 

7.1.4  GROUND  WATER  SAMPLING 

Ground  water  from  existing  wells  on  RNA  will  be  sampled  hy  field  team 
members.  As  with  surface  water  sampling,  skin  and  eye  contact  with 
contaminated  water  is  a  major  hazard*  Inhalation  hazards  are  liicrcnsed  when 
the  well  la  first  uncapped  due  to  a  possible  buildup  In  the  well  of 
hazardous  vapors*  and  during  well  purging  .is  volatile  may  be  stripped  from 
the  water  and  become  airborne* 
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Continuous  monitoring  with  a  photolonl zatlon  detector  will  take  place  during 
well  uncapping  and  purging  activities-  Field  personnel  will  uncap  wells 
from  the  upwind  side-  Level  C  protection  will  be  worn  during  uncapping 
activities-  If  an  above  background  reading  Is  detected  during  opening)  team 
members  will  remain  In  Level  C  protection  for  the  completion  of  well 
sampllng- 

If  organic  vapor  concentrations  are  detected  above  background  In  the 
breathing  zone  during  well  sampling)  respirators  will  be  worn  at  all  times 
or  until  the  -Safety  Officer  states  that  respirators  may  be  removed-  During 
both  uncapping  and  pumping  activities)  if  organic  vapors  are  detected  above 
5  ppm  In  the  breathing  zonet  work  activities  will  cease  Immediately  and  team 
members  will  don  Level  B  protection  to  complete  the  well  sampllng- 

Levels  of  protection  for  the  ground  water  sampling  portion  of  Task  44  will 
be  based  on  an  evaluation  of  the  respective  sampling  sites  by  the  Subtask 
Supervisor  or  representative-  However>  face  shields  will  be  worn  at  all 
times  when  field  personnel  are  handling  water  or  during  balling  and  pumping 
activities-  In  general)  modified  Level  D  protection  In  the  uricontaminated 
areas  and  full  Level  C  or  B  protection  In  contaminated  areas  will  be 
required-  Levels  will  be  adjusted  as  the  Safety  Officer  deems  necessary 
based  on  organic  vapor  levels  and  well  history-  During  ground  water 
sampling)  field  teams  will  consist  of  at  least  two  persons-  A  first  aid  kit 
and  fire  extinguisher  will  be  available  at  all  times-  Sampling  teams  will 
check  In  at  the  safety  trailer  prior  to  comme..ulng  actlvltles- 

7-1-3  WATER  LEVEL  MEASUREMENTS 

Field  personnel  performing  water  level  measurements  will  don  Level  D 
protection  to  complete  their  activities  unless  they  are  entering  Section  36- 
Respirators  will  be  readily  available-  Personnel  will  uncap  well  while 
wearing  respirators  as  outlined  In  Section  7.1.4.  The  field  te-am  will 
continuously  monitor  for  organic  vapors  using  a  photolonlzat ion  detector- 
Personal  and  rsaplratory  protection  moy  be  modified  based  on  org:.inlc  vapor 
readings  and  well  history. 
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7.2  CONTINCCtlCY.PLAtlS 
7.2.1  CHEMICAL  AGENTS 

According  to  Information  aupplled  by  the  RMA  laboratory,  chemical  agents 
readily  breakdown  when  In  contact  with  water.  Due  to  this  fact,  field 
personnel  should  not  contact  chemical  agents  during  their  water  sampling 
activities.  Thus,  no  additional  monitoring  for  agents  will  be  necessary. 
Safety  procedures  regarding  unexploded  ordnance  (UXO).  emergency  services, 
f Ires/spllls I  and  accident  reporting  are  detailed  in  Section  7.0  of  the 
Task  1  Technical  Plan. 
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8.0  CONTAMINATION  ASSESSMENT 


The  Contamination  Assessment-  efforts  will  Integrate  and  Interpret  all  data 
generated  durl^  the  environmental  monltorlngi  sampling)  and  analysis  phases 
of  the  program.  The  assessment  will  Include >  at  minimum: 

o  ContaaUnat Ion  plume  and  water  table  maps  and  evaluations  for  each 
sampling  period) 

o  Aswesfflaent  of  any  changes  from  previous  data  and  recommendations 
for  installation  or  omission  of  wells  for  batter  and  more 
efficient  monitoring) 

o  A  thorough  evaluation  of  the  levels  of  contamination  In  both  the 
Denver  and  Alluvial  aquifers) 

o  An  assessment  of  how  ground  water  contamination  may  be  migrating 
throughout  the  area  Investigated  (i-e-i  onpost  and  offpost)) 
o  Stratlgraphlc/hydrogeologlc  evaluation  of  the  alluvium  and  Denver 
Formation  to  identify  geometry)  extent)  and  potential  for 
hydraulic  interaction  of  aquifer  units)  and 
o  Compilation  of  hydrologic  data  produced  by  other  RMA  tasks)  and 

Data  requirements  of  the  EA  and  FS  groups  will  be  addressed  ondi  when 
appropriate.  Task  44  will  provide  interpretive  efforts  in  the  areas  of 
geology  and  hydrology  to  aid  them  in  achieving  specific  goals.  Comparisons 
to  historical  results  and  applicable  standards  will  be  performed  In  order  to 
evaluate  potential  effects  on  public  health  and  the  environment. 

8.1  GEQUNQ-UAI£E 

Interpretation  of  contaminant  migration  patterns  In  ground  water  will 
require  the  analysis  of  the  hydrologic  and  chemical  data  collected  during 
the  field  program.  The  Interpretive  effort  will  be  enhanced  by  eviiluntlnna 
of  Bite  hydrology  and  geology,  previously  generated  hydrologic  and  clu’inl c.i  1 
data,  contaminant  characteristics,  applicable  standards  and  crlierl.-i.  aiul 
the  nature  of  potential  contaminant  source  areas- 
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Evaluation  of  hydraulic  conditions  will  begin  with  computer  posting  and  hand 
contouring  of  water  level  data.  The  water  level  network  will  be  divided 
into  alluvial  and  Denver  components-  The  Denver  monitoring  network  will  be 
further  subdivided  by  completion  interval  Into  those  wells  representing 
significant  Individual  sand  units  within  the  Denver  Formation. 

Consideration  of  the  hydrology  of  Individual  sands  will  provide  a  mechanism 
to  evaluate  potential  Interconnection  of  the  Denver  Formation  with  the 
overlying  alluvium  through  faultsi  fracturesi  permeable  subcrop  areas,  or 
leaky  aqultards.  The  result  of  this  evaluation  will  be  a  vertical  series  of 
potent lometrlc  surfaces  for  primary  transmissive  units  in  the  alluvium  and 
Denver  Formation-  Comparison  of  these  potentlometilc  surfaces  through 
calculations  of  differential  head  maps  will  allow  determination  of  hydraulic 
gradients  and  the  relative  significance  of  vertical  and  lateral  flow. 
Determination  of  ground  water  flow  rates  and  volumes  may  be  performed  In  an 
appropriate  manner  through  the  use  of  graphical  solutions  such  as  flow  net.s 
in  conjunction  with  transmissivity  values  estimated  from  existing  aquifer 
test  data  and  sedlmentologic  characteristics-  Alternatively,  the 
potent lometrlc  data  may  be  used  to  calibrate  or  verify  more  sophisticated 
numerical  models  developed  under  other  programs- 

In  addition  to  compurlaon  of  potent lomet r ic  data  between  transmissive 
aquifer  units.  Task  kk  water  level  data  will  also  be  compared  to  historical 
records-  This  comparison  will  be  conducted  to  provide  Information  to  FS 
programs,  as  monitoring  of  water  levels  In  areas  of  remediation  will  be 
required  to  determine  the  correct  functioning  of  ground  water  treatment 
systems  as  well  as  Inadvertent  modifications  to  the  ground  water  flow 
system. 

Chemical  sampling  results  will  also  be  evaluated  to  Identify  polenllnl 
deviations  from  previously  observed  contaminant  levels-  Data  generated 
during  past  monitoring  efforts  will  be  compared  to  current  monitoring 
program  results,  and  ranges  of  previously  observed  contaminant 
concentrations  will  be  tabulated  for  each  well  In  the  monitoring  program- 
These  existing  data,  which  will  be  compiled  and  entered  In  the  ESE  computer 
network,  will  provide  a  representation  of  baseline  conditions  to  compare 
with  long-term  monitoring  data-  Comparisons  between  historical 
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(pre-Task  ^i^i)  and  Task  kU  data  will  be  conducted  to  Identify  any  contaminant 
concentration  variation  trends.  These  evaluations  will  be  largely 
automated!  providing  ESE  with  preliminary  comparisons  as  analytical  data 
become  available-  Review  of  these  comparisons  may  provide  a  timely 
mechanism  to  alert  the  project  team  to  potential  problems  related  to  site 
remediation  activities.  Identification  of  these  potential  problems  will 
also  allow  early  definition  of  conditions  that  may  pose  an  Imminent  risk  to 
public  health  or  the  environment- 

Ground  water  contaminant  plume  maps  will  also  be  generated  to  Identify  major 
contaminant  pathways  In  both  alluvial  and  Denver  aquifers-  Analytical  data 
for  selected  Individual  contaminants  or  groups  of  similar  contaminants  will 
be  organized  by  aquifer  unit  and  posted  In  appropriate  locations  using 
computer  mapping  techniques- 

The  wells  In  the  chemical  sampling  network  will  be  separated  Into  alluvial 
and  Denver  sand  components.  Analytical  results  from  these  potential  aquifer 
units  will  be  plotted  and  contoured  Individually,  allowing  a  comparison  of 
contaminant  migration  patterns  in  successively  deeper  transmissive  units. 
Evaluation  of  contamination  patterns  In  both  the  alluvial  aquifer  and  the 
underlying  bedrock  formation  Is  required  for  design  of  ground  water 
remediation  system  and  for  monitoring  the  effects  of  solli  sewer,  and 
building  remediation  activities-  Contaminant  plumes  will  be  compared  to 
previously  observed  configurations,  and  changes  In  spatial  distribution 
Identified-  The  significance  of  changes  In  plume  configuration  will  be 
evaluated  with  respect  to  site  remediation  activities  and  Identified 
contaminant  source  areas- 

As  site  remediation  activities  progress  and  monitoring  objectives  evolve, 
modification  of  the  monitoring  well  networif  'v  be  necessary-  Modifications 
may  require  addition,  deletion,  or  subst  i  tct  lor.  of  existing  well.s  In  order 
to  adequately  monitor  changing  site  conditions-  Additional  wells  may  also 
be  added  to  the  program  to  fill  particular  data  needs,  such  ns  monitoring  of 
active  remediation  systems-  Selection  of  existing  wells  or  planning  of  new 
wells  will  require  careful  evaluation  of  site  hydrology,  geology,  and 
geochemistry,  as  well  as  formulation  of  objectives  for  the  revised  program- 


8-3 


C-RMA-/t<tU/TP.80.Ct 

3/8/88 


Ongoing  compi 1 nt Ion  1  rediictloni  nnd  evniuatinn  of  the  chemical  and 
hydrologic  data  generated  during  the  long-term  monitoring  program  will 
permit  an  adequate  review  of  proposed  alternatives  for  future  monitoring. 

8  ■  2  SUK£&C£_U&m 

The  surface  water  data  collected  In  the  scheduled  sampling  program  must  be 
collated  and  analyzed  to  show  how  the  surface  water  flows  through  RMA  and 
what  contaminants  I  If  any>  arc  being  transported  as  a  result  of  the  surface 
water  flows-  Relationships  between  ground  water  levels  and  surface  water 
flows  may  also  be  developed  utilizing  both  surface  water  and  ground  water 
data  • 

Data  derived  from  the  stream  gaging  program  are  the  continuous  stage  records 
taken  at  the  gaging  stations  during  the  nonfreezing  operations  season. 

These  data  must  be  converted  into  hourly  flow  data,  utilizing  either  a 
rating  equation  or  a  developed  rating  curve-  The  hourly  data  are  then 
averaged  to  provide  a  dally  flow  which  is  cc.  nrted  to  acre-feet  per  day- 
These  data  in  turn  can  be  summed  over  a  particular  time  period- 

The  hydrographs  obtained  at  the  varlou.s  stream-gaging  locations  will  be 
analyzed  on  a  selected  basis  to  determine  base  flow,  interflow  (if  any),  and 
surflcial  runoff  components-  This  will  be  accomplished  using  standard 
hydrograph  separation  techniques-  This  information  will  then  be  utilized  In 
analyzing  the  surface  water  quality  data  with  respect  to  surface  water  and 
ground  water  components- 

Lake  stages  are  planned  to  be  read  weekly  or  more  often.  If  conditions 
warrant.  The  volumes  of  the  lakes  have  been  related  to  the  stage  through 
stage-volume  curves.  These  curves  are  initially  developed  from  the 
topographic  contours  of  the  bottom  of  the  lake  or  pond  Existing  curves  ;ue 
available  for  Upper  Derby,  Lower  Derby,  and  L-ndora  Lakes-  A  survey  was 
conducted  for  Havana  Pond  in  1986  and  the  Ladora  stage-voJ nine  data  were 
reanalyzed  at  the  same  time  to  remove  apparent  d  Iserepanc les - 

The  flow  data  and  the  lake  data  are  then  utilized  along  with  the 
precipitation,  evaporation,  and  estimated  transpiration  data  to  compute  a 
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wnter  bninnce  for  the  select  arefls  of  UMA.  The  resulting  wster  budget  will 
be  used  to  determine  potential  gains  to  or  losses  from  the  shallow  ground 
water  system.  Understanding  of  these  Interactions  Is  useful  for  evaluation 
of  contaminant  transport  pathways  and  design  of  ground  and  surface  water 
remediation  systems. 

Surface  water  quality  samples  will  be  evaluated  to  assess  actual  and 
potential  surface  water  contaminant  transport  In  a  manner  that  produces  a 
better  understanding  of  the  RMA-wlde  contaminant  migration  mechanisms  and 
allows  remediation  work  to  be  planned.  Any  degradation  In  surface  water 
quality  will  be  characterized  and  quantified.  Observed  contaminant 
concentrations  will  be  compared  to  applicable  standards*  regulations*  and 
guidance  levels- 

In  addition  to  the  regular  sampling  plan*  notes  will  be  made  of  any  special 
conditions  noted  In  the  surface  waters.  This  would  Include  such  Items  as 
oil  slicks*  water  discoloration*  and  products  vrashed  onto  RMA.  These  have 
been  noted  at  times  during  this  past  year  on  the  Peoria  Interceptor  and*  at 
times*  in  the  Havana  Pond-  Information  on  upgradlent  degradation  of  water 
quality  may  prove  to  be  particularly  helpful  In  the  analysis  and 
understanding  of  contaminant  transport  and  development  of  remediation  planning. 
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APPENDIX  A 

coHHSirrs  and  responses  to  the 

DRAFT  FINAL  TSCBNlCAL  PLAN,  NOVEHBER  1987 

McfflorBiidum  of  Agr««m«nt  (MOA)  wclttan  conuncnts  on  the  Task  Draft  Final 
Letter  Technical  Plan  were  received  from  MOA  parties  on  June  22,  1987  (Shell 
Oil  Company) ,  August  7,  1987  (Colorado  Department  of  Health),  and  August  28, 
19.87  (U>S>,  Env^roiimantal  Projtactlon  Agency)*  MOA  general  comments  to  the 
Task  Draft  Final  Technical  Flan  were  discussed  In  the  MOA  meeting  of 
NoyeipibeF  16,  .,1987,  Written  connnsnts  on  the  Task  44  Draft  Final  Technical 
Plan  were.recelyed  from  Shell  Oil  Company  on  December  16,  1987  and  responses 
are  provided  In  Appendix  A  of  this  Technical  Plan.  No  verbal  or  written 
coi^ents  wdre  received  within  the  review  period  from  CDH  or  the  CPA  after 
submit, tal  of  the  Task  44  Draft  Final  Technical  Plan.  Should  comments  be 
received  at  a  later  date,  an  addendum  with  responses  will  be  issued* 

The  Task  44  Final  Letter  Technical  Plan  was  distributed  to  the  MOA  parties 
on  February  11,  1988*  Comments  and  response  to  the  Draft  Final  Letter 
Technical  Plan  were  incorporated  as  Appendix  A  to  that  final  document.  It 
Is  requested  that  this  previously  submitted  Final  Letter  Technical  Plan  be 
Incorporated  as  Appendix  B  In  this  Final  Technical  Plan  to  complete  this 
document . 
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Shell  Oil  Company 


On*  Sn*ll  Ptui 
P.O.  Box  2463 
Houlien,  T*xm  77252 


December  16,  1987 


USATHAMA 

Office  of  the  Program  Manager 
Rocky  Mountain  Arsenal  Contamination  Cleanup 
ATTN:  AMXHM-EE:  Chief:  Mr.  Donald  L.  Campbell 
Bldg.  E4460 

Aberdeen  Proving  Ground,  MO  21010-5401 
Dear  Mr.  Campbel 1 : 

This  Tetter  Is  reference  to  your  Draft  Final  Technical  Plan  for  Task  44: 
On/Of fpost  Groundwater/Surface  Water  Monitoring  Program.  Please  recall 
that  we  submitted  detailed  comments  on  the  Task  44  Draft  Final  Letter 
Technical  Plan  on  June  22,  1987.  Also,  at  a  meeting  attended  by  the 
parties  on  November  16,  we  provided  you  with  additional  comments  on 
revisions  to  the  fourth  quarter  sampling  network.  We  trust  you  will 
consider  and  Implement  all  of  the  above  comments  In  your  future  work. 

We  understand  that  some  of  these  revisions  may  be  Incorporated  In  the 
forthcoming  Comprehensive  Monitoring  Program. 

Sincerely, 

0.  K'.  t/J. _ _ 

C.  K.  Hahn 
Manager 

Denver  Site  Project 
WEA:ajg 

cc:  (w/enclosure) 

USATHAMA 

Office  of  the  Program  Manager 
Rocky  Mountain  Arsenal  Contamination  Cleanup 
AHN:  AMXRM-EE:  Mr.  Kevin  T.  Blose 
Bldg.  E4460 

Aberdeen  Proving  Ground,  MO  21010-5401 
USATHAMA 

Office  of  the  Program  Manager 
Rocky  Mountain  Arsenal  Contamination  Cleanup 
ATTN:  PNSO:  Nr.  Brian  L.  Anderson 
Bldg.  E4460 

Aberdeen  Proving  Ground,  MO  21010-5401 
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■  ■^cci  Mr.  Thomas  B1ck 

Envlronimntal  Enforcement  Section 
Land  &  Natural  Resources  Division 
U.S.  Department  of  Justice 
P.O.  Box  23896 
Benjamin  Franklin  Station 
Washington,  O.C.  20026 

Mr.  Scott  Isaacson 

Department  of  the  Army 

New  Federal  P.O.  Bldg 

12th  &  Pennsylvania  N.W.,  Room  4441 

Washington,  DC  20360 

Ms.  Patricia  Bohm 
Office  of  Attorney  General 
CERCLA  Litigation  Section 
1560  Broadway,  Suite  250 
Denver,  CO  80202 

■  Mr.  Jeff  Edson 
Colorado  Department  of  Health 
4210  East  11th  Avenue 
Denver,  CO  80220 

Hr.  Robert  L.  Duprey 

Director,  Waste  Management  Division 

U.S.  Environmental  Protection  Agency,  Region  VIII 

One  Denver  Place 

999  18th  Street,  Suite  500 

Denver,  CO  80202-2405 

Mr.  Connelly  Mears 

U.S.  Environmental  Protection  Agency,  Region  VIII 

One  Denver  Place 

999  18th  Street,  Suite  1300 

Denver,  CO  80202-2413 

Mr.  Thomas  P.  Looby 
Assistant  Director 
Colorado  Department  of  Health 
4210  East  11th  Avenue 
Denver,  CO  80220 
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PROGRAM 


nmr  TO 
iTTiNTieN  or 


DEPARTMENT  OP  THE  ARMY 

MANAGER  FOR  ROCKY  MOUNTAIN  ARSENAL  CONTAMINATION  CLEANUP 

ANENDKCN  PMdVINO  aROUNO.  MARYLAND  aiOIO'OAOl 

March  10,  1988 


Remedial  Planning  Division 


Nr.  Chris  Hahn 

Shell  Oil  Company 

c/o  Holme  Roberts  and  Owen 

1700  Broadway 

Suite  1800 

Denver,  Colorado  80290 
Dear  Nr.  Hahn: 

We  appreciate  your  comments  on  the  Draft  Final  Technical  Plan  for  Task 
44  -  On/Offpost  Qround/Surface  Water  Monitoring  Program,  contained  in  your 
letter  of  December  16,  1987.  We  acknowledge  that  you  submitted  detailed 
oommenta  on  the  Task  44  Draft  Final  Letter  Technical  Plan  on  June  22,  1987. 
We  also  acknowledge  that  yoii  provided  verbal  comments  on  the  revision  to  the 
fourth  quarter  FY  1986  sampling  network  at  a  meeting  on  November  16,  1987. 
These  comments  have  been  considered  and  included  as  appropriate  in  the  Draft 
Final  Technical  Plan.  Your  oommenta  will  also  be  included  as  appropriate  to 
future  ground/surface  water  monitoring  programs. 

If  you  have  any  questions  or  comments  contact  Nr.  Darrel  Smith,  this 
Office,  (301)  (S71-3261. 


Sincerely, 


Copies  Furnished: 

Department  of  the  Army,  Office  of  the  Judge  Advocate  General,  Attention: 
Lieutenant  Colonel  Scott  Isaacson,  Washington,  D.C.  20310-2200 

Mr.  Davici  Anderson,  Deijartment  of  Justice,  Environmental  Enforcement 
Section,  Land  and  Natural  Resources  Division,  P.O.  Box  7415, 

Benjamin  Frfinltiin  Station,  Washington,  D.C.  20044-7415 

Mr.  William  Adoock,  Shell  Oil  Company,  1  Shell  Plaza,  900  Louisiama  Street, 
Room  1316,  Houston,  Texas  77210 

Mr.  Edward  McGrath,  Holme  Roberts  and  Owen,  1700  Broadway,  Denver, 

Colorado  80290 

Mr.  GLen  Rasmussen,  Morrison-Knudsen  Engineer  ng,  Inc.,  1700  Broadway, 
Suite  1600,  Denver,  Colorado  80290 

Ms.  Dana  Scott,  D.P.  Associates,  Inc.,  Building  E4681,  Beal  Road,  Aberdeen 
Proving  Ground,  Maryland  21010-6401 
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FEBRUARY  10,  1988  AND  COHHENTS  AND  RESPONSES 
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LITIGATION  TECHNICAL  SUPPORT  ANP  SERVICES 


Rocky  Mountain  Arsenal 


Wat«r  Quantity/Quality  Survey 


Letter;  Technical  Plan  -  Ground  Water  Monitoring  Well  Network 

February  10 >  1988 
Contract  kNo>  DAAK11>B4-D-0016 
Task  No.  44 


PREPARED  BY: 

ENVIRONMENTAL  SCIENCE  AND  ENGINEERING.  INC- 
Harding  Lawson  Associates 


PREPARED  FOR: 

U.S.  ARMY  TOXIC  AND  HAZARDOUS  MATERIALS  AGENCY 


THE  VIEWS,  OPINIONS.  AND/OR  FINDINGS  CONTAINED  IN  THIS  REPORT  ARE  THOSE  OF 
THE  AUTHOR(S)  AND  SHOULD  NOT  BE  CONSTRUED  AS  AN  OFFICIAL  DEPARTMENT  OF  THE 
ARMY  POSITION.  POLICY,  OR  DECISION-  UNLESS  SO  DESIGNATED  BY  OTHER 
DOCUMENTATION • 

THE  USE  OF  THE  TRADE  NAMES  IN  THIS  REPORT  DOES  MOT  CONSTITUTE  AN  OFFICIAL 
ENDORSEMENT  OR  APPROVAL  OF  THE  USE  OF  SUCH  COMMERCIAL  PRODUCTS.  THIS  REPORT 
MAY  MOT  BE  CITED  FOR  PURPOSES  OF  ADVERTISEMENT- 
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I.  INTRODUCTION 


This  Letter  Technical  Plan  was  prepared  under  Rocky  Mountain  Arsenal 
(RMA)  Task  Order  Contract,  Delivery  Order  No.  44.  The  purpose  of  Task  44 
is  to  design  a  long-term  monitoring  network  and  implement  regional 
ground-water  and  surface-water  monitoring  in  both  the  on-post  and  off-post 
areas.  Due  to  the  required  task  schedule,  and  to  provide  continuity  with 
the  previous  year  of  regional  ground-water  monitoring  (Task  4),  it  was 
determined  that  ground-water  sampling  activities  should  begin  as  soon  as 
possible  following  award  of  Task  44.  The  purpose  of  this  Letter  Technical 
Plan  is  to  present  the  criteria  and  rationale  utilized  to  select  the 
ground-water  monitoring  well  network.  A  complete  Task  44  Technical  Plan 
which  addresses  all  aspects  of  the  regional  ground-water  and  surface-water 
monitoring  program  will  follow  at  a  later  date. 

The  regional  Task  44  program  provides  coordination  between  other  site 
specific  ground-water  tasks.  Data  from  these  local  ground-water  tasks  will 
be  incorporated  into  Task  44  and  its  successor. 

A.  Current  and  Future  Ground-Water  Programs 

This  Letter  Technical  Plan  presents  the  well  network  design  for  Task 
Order  No.  44  which  deals  with  regional  ground-water  monitoring  for  both  on- 
and  off-post  areas.  However,  five  other  current  and  future  ground-water 
tasks  are  in  various  stages  of  data  collection  or  development.  These  five 
additional  tasks  are  ground-water  studies  dealing  with  specific 
Investigative  areas  such  as  the  bouhdary  systems,  primary  potential  sites, 
and/or  potential  migration  pathways  (Figure  1).  Data  generated  by  these 
area  specific  tasks  will  be  used  to  assess  contaminant  distribution  in  the 
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regional  ground-water  system.  Data  from  these  five  tasks  will  provide  a 
more  detailed  level  of  understanding  in  a  specific  area  than  will  a 
regional  program  such  as  Task  44. 

Coordination  of  all  ground  water  related  ta$ks  is  necessary  to  provide 
for  Integration  and  interpretation  of  all  relevant  data  and  to  eliminate, 
possible  duplication  of  effort.  The  five  area  specific  ground-wator  tasks  ■ 
may  be  viewed  as  subsets  of  more  regional  Task  44  program.  These  tasks 
will  be  designed,  'executed.,  and  completed  to  achieva  specific  objectives. 

TasK  44  will  provide  the  regional  framework  under  which  such  tasks  will  be 
operated.  One  of  the  goals  of  Task  44  Is  to  incorporate  data  from  and 
provide  input  to  the  current  and  future  site  specific  ground-water  tasks. 

Task  4  provided  a  basic  sampling  network  on  which  to  build  the  Task  44 
program.  Task  44  will  provide  ftr  integration  and  interpretation  of 
geologic,  hydrologic,  arj  geochemical  data  to  refine  the  current 
understanding  cf  the  distribution  of  contaminants  at  RMA.  Although  Task  44 
is  only  a  one- year  prograiT?,  successor  programs  will  maintain  the  regional 
monitoring  network  developed  as  pari  of  Task  44. 

B.  Objectives  of  Task  44 

The  purpose  of  Task  44,  as  described  In  the  Delivery  Order  for  the 
task,  lo  to  provide  regional  monitoring  of  both  on-post  and  off-post  ground 
water  and  surface  water.  The  objectives  of  this  task,  as  specified  by  the 
Delivery  Order  are  to: 

1.  Assess  the  distribution  and  concentration  levels  of  ground-water 
contaminants,  and  munltor  dianges  in  water  quality  with  respect  to 
these  contaminants  for  both  the  on-post  and  off-post  areas. 

2.  Monitor  and  evaluate  changes  in  water  levels  (B75  wells). 
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3,  Evaluate  data  and  recommend  program  modifications  to  this  or  other 
ground-water  monitoring  tasks. 

4.  Identify  areas  of  significant  public  health  exposure. 


Although  these  four  objectives  were  presented  in  the  Delivery  Order  for 

Cl 

Task  44,  there  are  several  other  task  objectives  that  are  either  Inferred 
by  these  four,  basic  objectives  or  implied  in  the  text  of  the  Delivery 
Order.  The  presentation  and  review  of  thase  other  objectives  should  more 
clbarly  define  the  scope  of  work  for  Task  44.  These  additional  objectives 
are  to: 

5.  Utilize  availaole  geologic  date  to  provide  a  description  of  the 
geologic  conditions. 

6.  Use  available  hydrologic  and  water  quality  data  in  conjunction  with 
geologic  interpretations  to  describe  the  hydrogeologic  conditions 
in  the  on-post  and  off-post  areas. 

7.  Assess  the  distribution  of  contaminants  in  aqueous  media  and 
identify  the  pathways  by  which  these  contaminants  are  being 
transported  to  the  RMA  boundary  or  the  off-post  area. 

8.  Assess  the  relationship  of  sites  where  potential  soil  contamination 
exists  to  the  presence  of  contaminants  in  ground-water  or  surface- 
water  systems. 

9.  Integrate  all  ground-water  related  tasks. 


The  above  objectives  will  provide  personnel  worKing  with  the  RMA 
Endangerment  Assessment  (EA)  and  Feasibility  Study  (FS)  groups  with  a 
characterization  of  contaminant  hydrogeology  and  provide  a  mechanism  for 
identifying  and  filling  data  deficiencies  through  installation  and  sampling 
of  new  monitoring  wells.  Therefore,  for  these  groups  to  accomplish  their 
oDjectives,  this  investigation  must  be  comprehensive  in  nature  and  provide 
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adequate  Interpretation  of  geologic,  hydrologic,  and  geochemical  data  to 
aseeee  public  health  and  environmental  impacts  and  also  to  evaluate 
candidate  remedial  alternatives. 

C.  Purpose  and  Scope  of  Letter  Technical  Plan 

As  stated  previously,  the  purpose  of  this  Letter  Technical  Plan  is  to 
discuss  the  criteria  established  and  rationale  used  to  design  the 
ground-water  monitoring  well  network  for  Task  44  sampling.  This  Letter 
Technical  Plan  was  prepared  In  advance  of  the  Task  44  Technical  Plan  to 
allow  review  of  the  network  design  prior  to  implementation  of  sampling. 

In  order  to  design  the  Task  44  network  the  following  scope  of  work  was 
performed.  Borehole  logs  and  cross  sections  were  examined  to  establish  a 
preliminary  evaluation  of  subsurface  geology.  Water  level  data,  from  the 
Task  4  program,  were  examined  to  establish  directions  of  ground-water  flow 
within  the  alluvium  and  aid  in  the  correlation  of  the  permeable  units 
within  the  Denver  Formation.  Water  quality  information  from  the  Task  4 
program  and,  as  appropriate,  from  the  historical  data  base  were  examined  to 
formulate  an  assessment  of  the  distribution  of  contaminants  within  the  RtIA 
ground-water  system.  These  assessments  are  not  complete;  however,  they 
will  be  modified  as  additional  information  is  obtained  and  interpreted.  A 
preliminary  assessment  of  hydrogeologlc  conditions  was  used  to  design  the 
proposed  Task  44  well  network.  In  addition  to  the  design  of  the  network, 
this  Letter  Technical  Plan  presents  the  suite  of  target  compounds  for  which 
every  sample  collected  during  the  first  semi-annual  sampling  will  be 
wialyzid. 
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II.  OFF-POST  MONITORING  NETWORK 


Th|i  ofNpOdt  monitoring  network  will  consist  of  43  wells  from  Task  £ 
(Contract  No.  OAAKll-83'0-007)  as  listed  in  Table  1  and  shown  in  Figure  2. 
Well  selection  criteria  ware  not  evaluated  in  depth  for  off-post  wells 
because  these  wells  were  taken  directly  from  Revision  III  of  the  3£0  degree 
monitoring  program.  Of  the  43  total  off-post  wells,  42  are  completed  in 
alluvium  and  one  is  considered  a  Denver  Formation  well.  Off-post  and 
on-post  wells  will  be  sampled  and. the  water  analyzed,  using  identical 
procedures  except  that  off-post  w)»l'ls  will  be  sampled  quarterly  as  compared 
to  the  semi-annual  on-post  program.  Additional  monitoring  of  the  Denver 
Formation  will  be  performed  under  Tasks  25,  26,  36,  and  39.  These  tasks 
also  include  installation  of  Denver  Formation  irtonltoring  wells  in  selected 
locations . 

III.  ON-POST  MONITORING  WELL  NETWORK  DESIGN 

The  ground-water  quality  monitoring  network  for  long-term  monitoring  at 
RMA  (Task  44)  was  selected  from  over  1500  wells.  The  network  was  designed 
to  use  existing  wells  to  assess  and  monitor  the  areal  and  vertical 
distribution  of  ground-water  contamination  in  the  alluvial  and  Denver 
Formation  aquifer  units  in  both  on-post  and  off-post  areas.  In  addition, 
network  monitoring  will  provide  hydrochemical  and  hydraulic  data  for 
evaluating  probable  contaminant  migration  pathways  and  to  identify  .areas 
that  require  additional  monitoring.  A  map  of  the  on-post  area  is  presented 
in  Figure  3  showing  major  potential  contaminant  sites,  cultural  features, 
and  oounda{^y  containment  systems. 
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Table  1:  Task  44  Off-Post  Well  Network 


37305* 

37348 

37307 

37349 

37308 

37350 

37309 

37351 

37312 

37352 

37313 

37353 

37320 

37354 

.37332 

37355 

37333 

37356 

37335 

37357 

37338 

37358 

37339 

37359 

37340 

37360 

37341 

37361 

37342 

37362 

37343 

37363 

37344 
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37345 

37365** 

37346 

37366 

37347 
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Information  regarding  the  conditions  of  monitoring  wells  and  their 
sampling  nistory  was  obtained  from  historical  data  and  the  design  and 
implementation  of  other  RMA  tasks,  Including  Tasks  4  (Regional),  25 
(Boundary  Systems),  and  36  (Mestern  Tier).  Although  Task  44  provides  for 
the  long-term  monitoring  network,  wells  were  not  removed  from  consideration 
solely  on  the  basis  of  their  inclusion  in  the  monitoring  network  for 
another  task.  Task  44  is  the  regional  framework  for  water  quality 
monitoring  and,  therefore,  other  current  ground-water  monitoring  networks 
will  be  modified  to  consider  the  Task  44  network  and  to  avoid  duplication. 

Wells  were  selected  for  inclusion  in  the  Task  44  monitoring  network 
based  on  three  classes  of  criteria: 

1.  Common  well  characteristics. 

2.  Alluvial  well  specifics. 

3.  Denver  Fortnation  well  specifics. 

Based  on  these  criteria,  each  well  was  identified  for  possible  inclusion  in 
the  network  and  was  assigned  a  priority  ranking.  The  final  monitoring 
network  was  then  selected  from  the  ranked  wells  to  provide  a  network  that 
will  best  accomplish  the  objectives  of  Task  44. 

A.  General  Well  Selection  Criteria 

Criteria  used  to  select  wells  for  inclusion  in  the  monitoring  network 
that  were  common  to  both  the  alluvium  and  the  Denver  Formation  included: 

-  Quality  of  well  construction. 

-  Current  condition  of  the  well. 

-  Historical  water-quality  data. 
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>  Well  location  with  respect  to  known  areas  of  degraded  water  quality 
and  potential  contaminant  sites. 

-  The  presence  or  absence  of  adjacent  wells  completed  in  different 
hydrologic  zones  (well  clusters). 

-  The  geologic  and  hydrologic  conditions  in  the  vicinity  of  the  well. 

The  well  construction  evaluation  utilized  groupings  developed  during 
the  Task  4  program  (ESE,  1986),  During  Task  4,  wells  were  classified  as 
acceptable!  potentially  acceptable,  questionable,  or  unacceptable  based  on 
well  construction  data  that  were  then  available.  These  terminologies  were 
assigned  largely  on  the  presence  or  absence  of  supporting  documentation. 

The  ratings  are,  therefore,  not  meant  to  infer  that  a  "questionable” 
designation  is  a  well  of  questionable  construction,  but  that  insufficient 
data  was  obtained  to  assign  a  higher  rating.  Some  wells  were  reclassified 
during  design  of  this  natworK  because  data  (e.g.,  boring  logs  or  well 
completion  diagrams)  were  located  subsequent  to  Task  4,  These  data  were 
then  utilized  in  reevaluating  wells  that  were  previously  classed  as 
questionable  or  unacceptable  due  to  the  absence  of  geologic  and/or  well 
construction  data.  As  a  result  of  recent  investigative  activities,  new 
ground-water  monitoring  wells  have  been  installed  since  the  Task  4  sampling 
effort.  When  possible,  these  newly  constructed  wells  were  also  considered 
for  the  program.  Newly  installed  monitoring  wells  will  he  considered  for 
Inclusion  into  tne  Task  44  network  following  Installation,  development,  and 
two  sampling  events. 

The  current  condition  of  eacn  well  was  evaluated  with  respect  to 
sampling.  Through  this  evaluation,  such  factors  as  constrictions  in  wells 
or  wells  yielding  low  volumes  of  water  were  considered.  Weils  that  had 
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been  abandoned  or  destroyed  were  also  identir'ied.  However,  other  criteria 
such  as  the  water  quality  history  associated  with  these  destroyed  wells  and 
the  location  of  the  wells  with  respect  to  known  contaminant  sites  was 
investigated.  If  no  wells  currently  exist  within  an  area  to  be  monitored 
then  recommendations  for  new  well  installations  were  made  to  augment  the 
Task  44  network.  All  recommendations  for  new  wells  that  are  generated  by 
all  ground-water  related  tasks  are  coordinated  through  the  Composite  Well 
Program.  This  program  rates  and  assigns  priorities  for  installation  of  all 
new  wells  in  both  the  on-post  and  off-post  areas. 

The  historical  water  quality  data  obtained  from  each  well  were 
evaluated  with  respect  to  the  guidance  levels  developed  for  off-post  water 
quality.  These  guidance  levels  are  based  on  existing  regulatory  criteria, 
or  where  such  criteria  were  not  available,  on  preliminary  concentrations 
developed  by  the  U.S.  Army  and  thought  to  be  acceptable  to  appropriate 
state  and  federal  aencies.  Where  chemical  concentrations  did  not  exceed 
these  guidance  levels,  water  quality  degradation  was  generally  considered 
to  be  less  significant. 

The  water  quality  guidance  levels  are  not  necessarily  identical  to  the 
final  action  levels  to  be  used  in  selecting  one  or  more  remedial  actions 
for  ground  water.  Action  levels  are  currently  being  developed  as  part  of 
the  endangerment  assessment  (EA)  process.  As  part  of  this  process,  the 
Program  Manager  will  determine  whether  action  levels  for  certain  chemicals 
must  be  based  on  applicable  or  relevant  and  appropriate  standards  (ARARs) 
established  by  state  or  federal  agencies  for  those  chemicals.  In  many 
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cases  it  is  anticipated  that  action  levels  will  be  identical  to,  or  at 
least  within  the  same  order  of  magnitude  of,  the  guidance  levels  used  in 
Task  44. 

Historical  water  quality  data  for  each  well  were  evaluated  based  on  the 
period  of  record,  sampling  frequency,  consistency  of  results,  and  probable 
quality  of  laboratory  and  field  quality  assurance  and  quality  control 
data.  In  general,  recent  water -quality  data,  such  as  that  derived  from 
Task  4,  were  thought  to  be  the  most  reliable  and  were  given  highest 
consideration.  Wells  with  consistent  chemical  results  were  generally 
considered  more  reliable  than  those  with  inconsistent  results  except  when 
sporadic  results  could  have  been  obtained  as  a  result  of  fluctuating  ground 
and  surface  water  conditions.  Alternatively,  inconsistent  results  may 
occur  whan  concentrations  are  at  or  near  the  detection  limit  of  the 
analytical  method. 

The  well  location  with  respect  to  known  areas  of  water  quality 
degradation  or  potential  contaminant  sites  was  considered  in  two  ways. 
First,  wells  near  contaminant  sites  were  emphasized  to  track  the  extent  of 
vertical  and  horizontal  contaminant  migration.  Second,  for  areas  where 
several  wells  from  Task  4  exist  and  data  from  these  wells  provide 
essentially  the  same  information,  a  single  Task  4  well  was  recommended  for 
sampling  under  Task  44  in  order  to  eliminate  data  duplication. 

Wells  were  also  evaluated  on  the  basis  of  the  presence  of  adjacent 
wells  completed  in  different  vertical  intervals.  Groups  of  adjacent  wells, 
or  well  clusters,  were  emphasized  In  order  to  provide  information  on 
vertical  chemical  distributions  and  hydraulic  gradients.  Through  this  kind 
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of  assessment,  it  is  possible  to  evaluate  the  potential  for  vertical 
contaminant  migration.  When  considering  clustered  wells  screened  within 
Denver  Formation  sand  units,  historical  water-quality  data  was  used  to 
select  the  well  or  wells  to  be  monitored.  Where  the  deepest  Denver 
interval  sampled  contained  contaminants  above  guidance  levels,  this  well 
was  included  in  the  network  and  recommendations  made  for  a  deeper  well  at 
that  location.  At  well  cluster  sites  where  there  is  a  decrease  in 
contaminant  concentrations  with  depth,  wells  containing  contaminant  levels 
below  guidance  criteria  were  generally  not  included  in  the  network  unless 
geologic  or  hydrologic  conditions  suggested  otherwise. 

Geologic  and  hydrologic  conditions  in  the  vicinity  of  the  wells  were 
considered  in  order  to  evaluate  the  possible  hydraulic  communication 
between  areas.  The  local  horizohtal  flow  direction  was  considered  in 
conjunction  with  the  monitored  interval  in  each  well.  For  example,  a 
contaminated  well  in  a  shallow  Denver  Formation  sand  unit  would  indicate 
that  sampling  a  downgradient  well  in  a  similar  sand  unit  may  be  more 
desirable  than  other  sand  units  in  order  to  track  potential  downgradient 
contaminant  migration. 

B .  Criteria  Specific  to  the  Alluvial  Monitoring  Network  Design 

The  design  of  the  monitoring  well  network  in  the  saturated  alluvium 
included  consideration  of  the  factors  described  in  the  previous  section  of 
tnis  Letter  Technical  Plan  and  other  criteria  specific  to  the  alluvial 
system.  Tne  specific  criteria  included: 

-  Areas  of  unsaturated  alluvium  where  alluvial  wells  do  not  exist. 

-  The  existence  of  the  screened  interval  within  alluvium. 
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-  The  presence  of  wells  within  paleochannels. 

-  Current  alluvial  ground  water  flow  patterns. 

There  are  large  areas  within  RMA  in  which  the  alluvium  overlying  the 
Denver  Formation  is  unsaturated  (Figure  4).  Alluvial  ground-water 
monitoring  wells  are  absent  in  these  areas.  Wells  selected  to  monitor  the 
alluvial  aquifer  were  chosen  only  from  wells  in  which  the  monitoring 
interval  (well  screen  plus  sand  pack/filter)  occurs  at  least  partially  in 
alluvium.  For  areas  of  unsaturated  alluvium  an  effort  was  made  to  assure 
the  Denver  monitoring  well  I'.cwork  included  wells  from  these  areas. 

Paleochannels  eroded  into  the  surface  of  the  Denver  Formation  and 
filled  with  coarse  alluvial  sediments  (sands  and  gravels)  are  generally 
considered  to  be  h  dominant  factor  affecting  ground-water  flow  in  the 
alluvium.  Paleochannels  probably  represent  areas  of  higher  hydraulic 
conductivity  compared  to  interfluvial  areas  and  probably  represent  areas  of 
relatively  higher  velocity  ground-water  flow  and  associated  contaminant 
migration.  Under  thick  saturated  alluvium  conditions,  these  paleochannels 
may  exhibit  less  control  on  directions  of  ground-water  flow  and  contaminant 
transport.  For  conditions  where  alluvial  flow  is  totally  or  largely 
confined  to  paleochannels,  the  orientation  and  morphology  of  these  channels 
may  more  strongly  influence  contaminant  migration.  In  order  to  identify 
approximate  locations  of  these  paleochannels,  a  paleochannel  map  was 
prepared  from  available  geologic  information  (Figure  5).  These  areas 
received  additional  consideration  in  the  monitoring  well  selection  so  their 
impact  on  ground-water  flow  and  contaminant  transport  could  be  more  fully 
evaluated.  Information  for  the  off-post  areas  is  less  detailed  and  is, 


B-15 


Figure  4 

APPROXIMATE  AREAL  E 
UNSATURATED  ALLUVI! 
source:  HLA.  1907  | 
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therefore,  no''  shown.  It  should  be  noted  that  paleochannei  boundaries 
shown  in  Figure  5  are  inferred. 

Alluvial  ground-water  flow  patterns  were  also  considered  in  the  design 
of  the  monitoring  network.  Items  given  particular  consideration  included 
flow  patterns  in  the  vicinity  of  the  South  Plants  area  and  the  potential 
alterations  in  the  flow  system  in  the  vicinity  of  the  boundary  control 
systems.  Our  current  understanding  of  the  dominant  flow  patterns  in  the 
alluvium  is  depicted  in  Figure  6  with  regional  flow  (large  arrows)  and 
localized  flow  (small  arrows)  directions  shown.  Wells  were  selected  for 
the  network  to  provide  botn  upgradient  and  downgradient  monitoring  of  major 
potential  contaminant  sites  and  areas  of  degraded  alluvial  ground-water 
quality. 

C .  Criteria  Specific  to  the  Denver  Formation  Monitoring  Network  Design 

The  Denver  Formation  monitoring  network  was  designed  utilizing  existing 
Denver  Formation  weils  according  to  two  classes  of  criteria.  First,  those 
criteria  that  are  common  to  all  well  selections  (see  Section  IIIA)  and 
second,  criteria  that  are  specific  to  monitoring  within  the  Denver.  These 
specific  criteria  are  listed  below: 

-  Placement  of  tne  screen  interval  within  the  Denver  Formation. 

-  Vertical  contaminant  distributions. 

-  Aquifer  zones  within  the  Denver  Formation. 

-  Vertical  hydraulic  flow  components. 

-  Areas  of  unsaturated  alluvium. 
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Figure  6 

DOMINANT  ALLUVIAL  GROl 
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The  vertical  contaminant  distributions  were  evaluated  for  Denver  and 
Denver /Alluvial  well  clusters.  These  data  were  used  to  evaluate  the 
required  maximum  depth  of  monitoring.  Generally,  if  a  sampled  well 
contained  contaminant  concentrations  in  excess  of  RMA  guidance  levels  then 
nearby  wells  completed  in  vertically  adjacent  aquifer  zones  were  considered 
for  monitoring. 

Aquifer  zones  within  the  Denver  Formation  were  considered  in  terms  of 
hydraulic  communidation  among  wells.  This  information  was  used  as  a 
general  indicator  of  preferred  vertical  intervals  for  monitoring.  The  use 
of  these  data  was  limited  by  the  presently  incomplete  data  interpretation 
regarding  the  geologic  continuity  of  units  within  the  Denver  Formation.  It 
is  probable  that  as  the  hydrostratigraphy  of  the  Denver  Formation  is  better 
understood,  the  monitoring  network  will  be  refined. 

Vertical  hydraulic  flow  components  were  specifically  considered  in  the 
Denver  Formation  monitoring  network  design  as  they  relate  to  the  need  for 
monitoring  various  depth  ranges  within  the  Denver.  In  general,  if 
contaminants  were  present  in  a  well  cluster,  vertical  hydraulic  gradients 
were  investigated  to  determine  the  relative  importance  of  monitoring  wells 
completed  in  zones  above  or  below  the  contaminated  zones.  Horizontal 
ground-water  flow  directions  were  evaluated  to  provide  information  to 
assess  the  most  appropriate  locations  for  ground-water  quality  monitoring 
up-  and  down-gradient  of  contaminated  areas.  Denver  monitoring  wells  were 
also  chosen  to  provide  coverage  beneath  unsaturated  alluvium. 


B-20 


IV.  ON-POST  LONG-TERM  MONITORING  NETWORK 


The  proposed  long-term  monitoring  network  for  RMA  consists  of  a  total 
of  311  alluvial  and  Denver  Formation  wells  including  A3  off-post  wells.  Of 
the  311  wells,  265  wells  have  either  been  recently  sampled  or  are  proposed 
for  sampling  under  other  RMA  tasks  or  programs  as  listed  below. 

-  186  Task  4  wells 

-  43  off-post  wells 

-  25  Task  25  wells 

-  11  Task  38  wells 

Wells  selected  for  Task  25  have  been  recently  sampled  and  will  be 
resampled  for  the  complete  suite  of  Task  44  analytes  near  the  end  of  the 
first  round  of  Task  44  sampling.  Future  Task  44  samplings  of  these  wells 
will  be  done  in  coordination  with  Task  25  sampling.  Task  38  wells  are 
scheduled  for  sampling  in  April  1987  and,  therefore,  the  sampling  of  17 
wells  Which  overlap  between  these  two  programs  will  be  a  coordinated 
effort.  Six  of  the  17  overlaping  wells  were  also  part  of  Task  4  and  are 
considered  as  such  in  the  above  breakdown. 

Except  for  off-post  well  locations,  all  wells  were  selected  utilizing 
the  criteria  described  previously  in  Sectionlll  .  The  on-post  monitoring 
network  has  been  subdivided  into  an  alluvial  network  consisting  of  128 
wells  and  a  Denver  Formation  network  consisting  of  140  wells.  These 
networks  are  discussed  separately  below.  On-post  sampling  will  be 
conducted  semi-annually  except  for  the  following  12  wells  around  Basin  F 
which  will  be  sampled  quarterly: 
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23049 

23142 

26020 

26085 

23095 

26015 

26041 

26127 

23108 

26017 

26073 

27016 

A.  Alluvial  Well  Network 

The  alluvial  .nonitoring  well  network  was  designed  to  monitor 
contaminant  distributions  in  saturated  RMA  alluvium.  From  all  possible 
alluvial  wells,  128  wells  were  selected.  Most  of  these  wells  have  been 
sampled  within  the  last  year  under  existing  RMA  tasks  as  follows: 

-  Task  4  wells  84 

-  Current  Task  25  wells  15 

-  Current  Task  38  wells  11 

-  Historical  wells  15 

-  Receiit  Shell  wells  _ 3 

Total  Task  44  Wells  128 

The  alluvial  monitoring  well  network  is  shown  in  Figure  7  and 
summarized  by  section  in  Table  2.  It  should  be  noted  that  large  portions 
of  RMA  have  unsaturated  alluvium.  Therefore,  tl'ie  alluvial  well  coverage 
shown  in  Figure  8  illustrates  well  coverage  in  saturated  alluvium. 
Additionally,  many  of  the  on-post  alluvial  wells  may  be  further  grouped 
with  respect  to  locations  downgradient  of  potential  contaminant  sites. 
Alluvial  wells  associated  directly  with  5  major  potential  contaminant  sites 
are  as  follows: 
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PROPOSED  TASK  44  ON-POST  ALLUVIAL 
MONITORING  WELL  NETWORK 

source:  HLA,  1087 
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Table  2:  Proposed  On-Post  Task  A4  Monitoring  Network 
Alluvial  Aquifer  Wells 


Section  Well  Numbers 


1 

017, 

020, 

021, 

024, 

027, 

041 

2 

008, 

Oil, 

014, 

020, 

034, 

037 

3 

002, 

005, 

008, 

518, 

523 

4 

007, 

010, 

014, 

021, 

024, 

027, 

030, 

038, 

041 , 

042, 

044, 

045 

6 

002, 

003 

7 

001 

8 

003 

9 

002, 

005, 

006, 

008, 

010, 

Oil, 

013 

11 

002 

12 

002 

19 

001 

22 

006, 

021, 

049, 

051, 

057 

23 

004, 

029, 

039, 

049, 

058, 

095, 

108, 

142, 

179, 

188, 

191 

24 

092, 

101, 

106, 

107, 

111, 

112, 

113, 

158, 

185 

25 

Oil, 

015, 

018, 

022, 

038 

26 

006, 

Oil, 

015, 

017, 

020, 

041, 

073, 

076, 

083, 

085, 

088, 

127 

27 

003, 

005, 

016, 

040, 

051, 

053, 

062, 

074 

28 

022, 

023, 

027 

30 

009 

31 

005 

33 

001, 

002, 

016, 

030, 

033, 

063, 

075, 

077 

34 

002, 

005, 

008, 

504, 

507, 

508, 

515 

35 

023, 

034, 

037, 

052, 

058, 

061, 

065 

36 

001, 

065, 

075, 

076, 

034, 

112, 

139 

Note;  Task  4  Wells  -  84 

Current  Task  25  Wells  -  15 
Task  38  Wells  -  11 

Historic  Wells  -  15 

Recent  Shell  Wells  -  3 

Total  Task  44  Wells  -  128 
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Potential 

Contaminant  Site  Alluvial  Wells 


1. 

South  Plants 

15 

2. 

Basin  A/A  neck  area 

9 

3. 

Basins  B-E 

8 

4. 

Basin  F 

25 

5. 

North  Plants 

5 

A  total  of  27  additional  wells  (Sections  4,  9,  and  33)  are  included  in 
the  program  to  provide  long-term  monitoring  of  the  western  tier 
organohalogen  and  DBCP  contamination  associated  with  the  Railroad 
Classification  Yard  and  to  monitor  potential  off-post  sources.  The 
alluvial  aquifer  in  these  western  sections  is  thicker  than  at  other  RMA 
locations.  Wells  screened  near  the  base  of  the  alluvial  aquifer  appear  to 
geherally  have  higher  contaminant  levels  and,  therefore,  these  wells  were 
usually  preferred  over  wells  with  screens  at  shallower  depths  in  alluvium. 

Paleochannels  may  play  an  important  role  in  influencing  directions  of 
ground-water  flow  and  in  providing  contaminarit  migration  pathways 
facilitating  the  spread  of  contamination.  Consequently  an  effort  was  made 
wnen  selecting  wells  to  choose  wells  that  were  situated  within 
paleochannels  or  as  close  to  paleochannels  as  possible.  Approximately  42 
wells  were  selected  to  investigate  the  effects  of  paleochannels  at  RMA 
(Figure  9).  The  paleochannels  shown  in  Figure  9  are  a  composite  set  taken 
from  the  Army/ESE  and  Shell  bedrock  surface  maps.  There  appears  to  be  a 
good  correlation  between  paleochannel  orientation  and  alluvial  aquifer  flow 
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directions.  Areas  with  thick  zones  of  saturated  alluvium  are  less  likely 
to  show  paleochannel  flow  control. 

A  set  of  5  wells  (06002,  07001,  08003,  11002,  and  12002)  were  chosen 
to  provide  regional  background  monitoring  of  the  alluvial  aquifer.  These 
wells  also  provide  a  general  indication  of  alluvial  water  quality  flowing 
onto  RMA  along  the  southern  tier. 

A  second  set  of  5  wells  (06003,  19001,  25011,  30009,  and  31005)  were 
chosen  to  monitor  ‘the  eastern  side  of  RMA  and  provide  contaminant  boundary 
definition. 

B.  Denver  Formation  Well  Network 

The  Denver  Formation  monitoring  well  network  includes  139  on-post 
wells  chosen  from  over  500  on-post  wells  completed  in  the  Denver 
Formation.  The  monitoring  network  is  shown  in  Figure  10  and  individual 
wells  are  listed  by  section,  in  Table  3.  The  monitoring  network  utilizes 
the  best  existing  Denver  Formation  wells  for  both  upgradient  and 
downgradient  monitoring  of  potential  contaminant  sites.  Most  of  the 
selected  Denver  Formation  wells  have  been  sampled  under  other  RMA  tasks 
within  the  last  year  as  outlined  below. 

-  Current  Tasi.  25  wells  10 

-  Task  A  wells  102 

-  Historic  wells  28 

Total  Task  A4  Weils  140 

Additionally,  many  of  the  on-post  Denver  wells  may  be  further  grouped 
with  respect  to  their  location  to  potential  contaminant  sites.  Wells 
associated  directly  with  5  major  potential  contaminant  sites  are  as  follows: 
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Table  3:  Proposed  On-Post  Task  44  Monitoring  Network 
Denver  Formation  Wells 


Section  Well  Numbers 


1 

007, 

008, 

012, 

015, 

022, 

025, 

036, 

037, 

043, 

047, 

048, 

050 

2 

009, 

010, 

012, 

018, 

019, 

021, 

025, 

030, 

031, 

035, 

036, 

038, 

039, 

043 

3 

003, 

004, 

006 

4 

008, 

009, 

Oil 

5 

001 

6 

004, 

005 

7 

004 

B 

005 

9 

003 

11 

004 

12 

003, 

004 

19 

003, 

015, 

017 

22 

023, 

024, 

027, 

028, 

030, 

031 

23 

053, 

054, 

161, 

177, 

180, 

181, 

182, 

183, 

184, 

185, 

186, 

187, 

189, 

190 

192, 

193, 

2C9, 

210 

24 

066, 

089, 

120, 

124, 

127, 

130, 

159 

25 

009, 

013, 

014, 

016, 

017, 

021, 

023, 

039 

26 

019, 

057, 

058, 

061, 

066, 

067, 

071, 

072, 

075, 

084, 

086, 

129, 

140 

142, 

147 

27 

049, 

054, 

055, 

057 

28 

026, 

028 

30 

Oil 

32 

002 

33 

026, 

032, 

034, 

039 

34 

003, 

006, 

009 

35 

013, 

016, 

017, 

036, 

038, 

039, 

054, 

056, 

062, 

063, 

066, 

067, 

068 

36 

056, 

066, 

069, 

083, 

090, 

110, 

113, 

114, 

116, 

117, 

119, 

121, 

122, 

154 

Note:  Current  Task  25  Wells  -  10 
Task  4  Wells  -  102 

Historic  Wells  -  28 

Total  Task  44  Wells  -  1'40 
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Potential 

Contaminant  Sites  Denver  Wells 


1. 

South  Plants 

25 

2. 

Basin  A/A  neck  area 

17 

3. 

Basins  B-E 

13 

4. 

Basin  F 

16 

5. 

North  Plants 

10 

Eight  wells  from  Sections  4,  9,  and  33  are  also  included  within  the 
network  to  provide  long-term  monitoring  of  the  western  tier  organohalogen 
and  DBCP  contamination  associated  with  the  Railroad  Classification  Yard  and 
to  monitor  potential  off-post  sources.  Current  information  suggests  these 
contaminants  are  presently  restricted  to  the  alluvial  aquifer.  A  more 
extensive  monitoring  of  the  Denver  aquifer  is  warranted  to  provide 
assurance  that  contamination  is  not  spreading  to  the  Denver  Formation. 

A  set  of  5  wells  (07004,  00005,  11004,  12003,  and  12004)  were  chosen 
to  provide  regional  oackground  monitoring  of  the  Denver  Formation  aquifer. 
These  wells  also  provide  a  general  indication  of  Denver  Formation  water 
quality  flowing  onto  RMA  along  the  southern  tier. 

A  set  of  8  wells  (05001,  06004,  06005,  19003,  19015,  19017,  30011,  and 
32002)  monitor  the  eastern  sections  of  RMA.  These  wells  provide  general 
information  on  Denver  Formation  water  quality  and/or  contaminant  boundary 
definition. 

Following  examination  of  Task  4  data,  it  was  determined  that  the 
Denver  Formation  ground-water  flow  and  contaminant  transport  systems  were 
not  as  well  defined  as  the  alluvial  system.  Therefore,  the  monitoring 


B-31 


network  selected  for  the  Denver  Formation  includes  a  larger  percentage  of 
Denver  wells  than  were  included  in  the  Task  4  network.  As  a  result,  a  more 
comprehensive  evaluation  of  all  available  data  was  necessary.  This 
resulted  in  utilization  of  more  historical  wells  relative  to  the  alluvial 
network. 

Based  on  preliminary  evaluations  of  existing  hydrologic  data  and 
geologic  cross  sections,  three  major  hydrogeologic  zones  of  the  Denver 
Formation  are  proposed.  Tnese  zones  are  found  beneath  the  Basin  A/South 
Plants  area  and  may  be  described  as  follows: 

1.  A  lenticular  channel  sand  generally  ranging  from  10  to  50  feet 
thick  and  situated  10  to  50  feet  above  a  lignitic  horizon. 

2.  Thin  (2  to  10  ft)  sands  in  close  proximity  to  a  semi-continuous  5 
to  7  feet  thick  lignite  bed. 

3.  A  massive  tabular  sand  averaging  50  feet  thick  and  situated  50  feet 
below  the  lignitic  associated  sands. 

However,  it  appears  these  zones  are  not  continuous  across  RMA  given  our 
knowledge  of  the  depositional  and  structural  environment  of  the  Denver 
Formation.  Outside  of  this  area,  most  wells  in  the  Denver  monitoring 
network  have  screen  intervals  in  similar  zones.  Although  these  zones 
appear  similar  to  the  Basin  A/South  Plants  zones,  they  are  not  believed  to 
be  geologically  continuous.  Nevertheless,  these  zones  may  be 
hydrologically  continuous.  Task  44  will  investigate  the  geologic  and 
hydrologic  continuity  of  these  zones. 

Water  elevations  measured  from  well  clusters  penetrating  these  zones 
commonly  display  differences  of  5  to  over  30  feet  and  indicate  potential 
downward  flow.  Therefore,  to  allow  examination  of  vertical  differences  in 
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hydraulic  head,  a  preference  was  given  to  include  wells  in  a  cluster 
configuration  within  the  Task  44  network.  Table  4  lists  all  wells  in  the 
task  network  that  are  present  in  cluster  configurations. 

C.  Summary 

The  recommended  ground-water  monitoring  network  for  Task  44  includes 
128  on-post  alluvial  wells,  140  on-post  Denver  Formation  wells,  and  43 
off-post  monitoring  wells.  The  Task  44  network  is  the  framework  for 
monitoring  regional  water  quantity  and  water  quality.  Therefore,  other 
ground-water  related  tasks  are  superimposed  on  the  Task  44  network. 
Currently  the  Task  44  network  includes  25  on-post  wells  from  Task  25  and 
11  wells  from  the  Task  38  network  (Table  5).  A  few  wells  may  be  added  or 
subtracted  depending  on  results  from  the  detailed  studies  in  Tasks  25,  26, 
36,  38,  and  39. 

V.  CHEMICAL  ANALYSIS 

The  Task  44  scope  of  work  includes  semi-annual  sampling  of  the 
monitoring  network  presented  in  this  Letter  Technical  Plan.  All  samples 
will  be  analyzed  for  a  complete  suite  of  target  compounds  similar  to  the 
list  of  target  analytes  for  the  Initial  Screening  Program  of  Task  4.  The 
Task  44  analytical  schedule  also  includes  analysis  for  the  complete  list  of 
major  cations  and  anions. 

Table  6  contains  a  list  of  all  target  analytes.  Depending  on  the 
results  of  the  first  semi-annual  sampling,  the  analytical  suite  may  be 
reduced  for  the  second  semi-annual  sampling.  These  reductions  may  be 
performed  on  a  regional  basis.  However,  annually  the  regional  long-term 
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Table  4:  Clustered  Wells  Incorporated  in  the  Proposed  Task  44 
On-Post  Monitoring  Network 


Section 

1 

2 

3 

4 
6 
8 
9 

11 

12 
22 

23 

24 

25 

26 

27 

28 
30 

33 

34 

35 

36 

■^Alluvial 


Clusters _ 

(021*,  022),  (024*,  025),  (041*,  043) 

(008*,  009,  010),  (Oil*,  012),  (020*,  021),  (034*,  035,  036), 
(037*,  038,  039) 

(002*,  003,  004),  (005*,  006) 

(007*,  008,  009),  (010*,  Oil) 

(003*,  004,  005) 

(003*,  005) 

(002*,  003) 

(002*,  004) 

(002*,  003,  004) 

(021*,  023,  024) 

(179*,  180,  181),  (188*,  189,  190),  (191*,  192,  193) 

(158*,  159) 

(Oil*,  013,  014),  (015*,  016,  017),  (022*,  023),  (038*,  039) 
(073*,  075),  (083*,  084),  (085*,  086),  (127*,  129) 

(053*,  054,  055) 

(023*,  026),  (027*,  028) 

(009*,  Oil) 

(030*,  032),  (033*,  034) 

(002*,  003),  (005*,  006) 

(034*,  036),  (037*,  038,  039),  (052*,  054),  (061*,  062,  063), 
(065*,  066,  067,  068) 

(065*,  066),  (112*,  113,  114) 


well 
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Table  5:  Wells  Incorporated  in  the  Proposed  Task  44  Network 
From  Other  Current  RMA  Monitoring  Programs 


TASK  25  WELLS  (25) 

_ Denver _  _ Alluvial _ 

22023,  22031,  23181,  23184,  23189,  22006,  22049,  22051,  23004,  23029, 

23209,  23210,  24086,  24120,  24124  23039,  23058,  24092,  24101,  24106, 

24111,  24113,  24185,  27003,  27074 


TASK  38  WELLS  (11) 

_ _ Alluvial _ 

04038,  04041,  04042,  04044,  04045, 
09008,  09010,  09011,  09013,  33075, 
33077 


Denver 
No  ^e 
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Table  6:  Target  Analytes  -  Task  44 


Orqanochlorlne  Pesticides 

Aldrin 
Endrin 
Dieldrin 
Isodr in 

Hexachlorocyclopentadiene 

p,p'-DDE 

p,p'-DDT 

Volatile  Orqanohalqgens 

Chlorobenzene 

Choroform 

Carbon  Tetrachloride 
trans-l,2-Dichloroethylene 
Trichloroethylene 

1,1  Dichloroethylene 

1.1  Oichloroethane 

1.2  Oichloroethane 

1.1.1  Trichloroethane 

1.1.2  Trichloroethane 
Methylene  Chloride 
Tetrachloroethylene 

Organosulfur  Compounds 

P-Chloropheny Imethylsul Tone 
P-Chlorophenylmethylsulf oxide 
P-Cnlorophenylmethylsuifide 

1.4- Oithiane 

1.4- Oxithiane 
Dimethyldisulfide 

Volatile  Aromatics 


DIMP/DM^P 

Diisopropylmethylphosphonate 

Dimethylmethylphosphonate 


DBCP 

Dibromochloropropane 

Metals 

Mercury 

Arsenic 

Cadi urn 

Chromium 

Copper 

Lead 

Zinc 

Cations 

Potassium 

Calcium 

Magnesium 

Sodium 

Anions 

Chloride 

Fluoride 

Sulfate 

Nitrate+Nitrite 
Alkalinity  (as  CaC03) 


Toluene 
Benzene 
Xylene  (m-) 
Ethylbenzene 
Xylene  (o,p) 

DCPD/MIBK 

Dicyclopentadiene 
Methylisobutyl  Ketone 
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monitoring  program  will  sample  a  comparable  network  of  wells  for  a  complete 
suite  of  target  analytes. 

VI.  CONCLUSIONS 

In  summary,  a  Task  44  monitoring  well  network  which  consists  of  311 
total  wells  has  been  designed  to  assess  and  monitor  the  distributions  of 
potential  contaminants  in  the  alluvial  aquifer  and  in  mure  permeable  units 
within  the  Denver  Formation.  This  network  was  designed  using  water  quality 
and  water  level  information  derived  from  Task  4  as  well  as  data  collected 
by  other  current  or  past  monitoring  programs  at  RMA. 

Considerations  which  were  evaluated  in  network  design  include  well 
construction  characteristics,  sampling  history,  water  quality  variability, 
and  location  with  respect  to  potential  contaminant  sites  and 
paleochannels.  Emphasis  was  given  to  wells  which  had  been  included  within 
the  Task  4  monitoring  program.  A  higher  preference  was  also  given  to  wells 
in  cluster  configurations  providing  vertically  oriented  water  level  and 
water  quality  data.  Due  to  the  presence  of  contaminant  concentrations 
above  RMA  guidance  levels  in  numerous  Denver  Formation  wells,  a  higher 
percentage  of  Denver  wells  were  selected  for  this  program  relative  to 
Task  4. 

Figure  11  summarizes  the  well  selection  process.  Df  the  324  wells 
which  were  sampled  under  the  Task  4  program,  186  remain  in  the  Task  44 
network.  In  addition  to  these  wells,  25  wells  were  selected  from  the 
current  Task  25  network,  11  wells  were  selected  from  the  current  Task  33 
network,  3  wells  were  selected  from  the  12  wells  recently  installed  by 
bheil,  and  an  additional  43  wells  were  selected  from  48D  historical 
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wells  at  RMA.  In  addition  to  tht  '8  on-post  wells,  the  off-post 
monitoring  network  consists  of  43  monitoring  wellj.  Therefore,  a  total  of 
311  monitoring  wells  are  recommended  for  sampling  under  Task  44. 

The  Task  44  monitoring  network  will  be  refined  and  modified  as  new 
data  are  collected.  The  network  was  designed  with  the  intent  of  responding 
to  new  data  through  the  addition  or  deletion  of  wells  to  or  from  the 
program  as  geochemical  and  hydraulic  data  warrant. 
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APPENDIX  A 

COMMENTS  AND  RESPONSES  TO  THE 
TASK  DRAFT  LETTER  TECHNICAL  PLAN 
APRIL  29,  1987 


LU'Kbt' ■  LIJII  ■  I 

03/11/88 


The  draft  version  of  this  I.etter  Technical  Plan  was  submitted  for  MOA 
review  on  April  29,  1987.  Comiiierits  were  received  from  the  U.S. 

Environmental  Protection  Agency  on  August  28,  1987,  the  Colorado  Department 
of  Health  on  August  7,  1987,  and  the  Shell  Chemical  Company  on  June  22, 

1987.  These  comments  and  DOA  responses  are  provided  in  Appendix  B  of  the 
Task  AA  Technical  Plan-  Comments  are  an  integral  part  of  the  review  process 
and  are  being  Incorporated  In  the  Task  AA  Technical  Plan  as  well  as  the 
Technical  Plans  for  the  Comprehensive  Monitoring  Program. 
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DRAFT  RESPONSES  TO 

U-S.  ENVIRONMENTAL  PROTECTION  AGENCY 
COMMENTS  TO  THE  TASK  kk 
DRAFT  FINAL  LETTER  TECHNICAL  PLAN 


1 •  CommenL : 

Once  existing  data  have  been  evaluated  for  rechargc/dlschnrge 
relationships  betueen  the  Denver  Formation  and  the  alhivLum,  and 
between  surface  water  and  ground  water.  Identified  data  gaps  may 
necessitate  additional  wells- 

Response: 

The  Army  recognizes  that  areas  needing  additional  wells  to  complement 
the  existing  well  network  mny  be  Identified  ns  the  Task  i\U  Interpretive 
effort  Is  completed-  Recommendations  concerning  the  Installation  of 
new  monitoring  wells  will  be  made  as  part  of  tlto  Composite  Well  Program 
performed  under  Task  kU  • 

2-  CamuiuuJL; 

As  part  of  the  Task  kk  objective  of  Integrating  all  groutui  water 
related  efforts,  two  maps  containing  all  active  on-post  monitoring  well 
locations  should  be  produced-  One  map  should  depict  Detivor  formation 
Wells,  and  the  other  map.  alluvial  wells-  These  maps  should  Indicate 
under  which  task  each  well  Is  sampled,  and  whether  the  well  l.s 
monitored  for  water  levei.s  and  water  quality,  or  water  levels  only- 

Response: 

The  two  maps  described  In  Comment  2  are  currently  being  produced  and 
will  be  Included  In  the  Task  kk  report - 

3 '  CammenP : 

All  evidence  Indicates  that  the  B.asln  A  neck  Is  one  of  the  most 
hydrologlcally  compie:<.  and  one  of  the  most  pivotal  to  contaiiil tiant 
transport  of  the  sites  being  monitored  on-post-  Because  It  was  not 
discussed  In  detail  In  Task  26.  nor  Is  It  specifically  addressed  within 
Ta.sk  kk.  It  Is  uncertain  whether  the  plnnt\ed  monitoring  program  Is 
adequate  to  Identify  the  pertinent  geologic,  hydrologic,  and  plume 
migration  Information.  As  the  Interim  action  for  Basin  A  neck 
proceeds,  the  results  should  be  Integrated  Into  Task  kk^  EPA  will 
address  possible  insuff Icloncles  In  the  monitoring  of  the  Basin  A  nock 
area  as  comments  to  the  Interim  action  plan- 

Responses: 

Interpretive  efforts  to  be  completed  under  Task  /4/(  will  integrate  all 
available  water  quantity  and  quality  data  collected  In  the  Basin  A  neck 
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area  to  perform  a  thorough  data  evaluation.  This  would  Include  data 
collected  under  various  RMA  tasks  and  historical  data-  The  results  of 
these  Interpretations  will  be  presented  In  the  final  reports-  The  need 
for  additional  monitoring  In  the  Basin  A/A  neck  area  Is  being  addressed 
under  the  Transition  Monitoring  Program  (TMP)  as  part  of  the 
Comprehensive  Monitoring  Program.  The  TMP  Monitoring  well  network 
Includes  a  total  of  15  alluvial  wells  and  22  Denver  wells  In  the  Basin 
A/A  neck  area-  The  TMP  will  monitor  groundwater  prior  to  and  after  Lhe 
Basin  A  neck  Interim  response  action  Is  completed- 
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BRAFT  RESPONSES  TO 
COLORADO  DEPARTMENT  OF  HEALTH 
COMMENTS  TO  THE  TASK  A4 
DRAFT  FINAL  LETTER  TECHNICAL  PLAN 


GENERAL-COMMENTS 
1  •  Comnieni : 

The  primary  objective  of  the  RMA  remedial  Investigation  (RI)  Is  to 
fully  define  the  nature  and  extent  of  contamination  In  all  media  at  and 
adjacent  to  RMA.  The  objective  of  Task  Is  to  define  the  nature  and 
extent  of  ground  and  surface  water  contamination  caused  by  the  release 
of  hazardous  substnncesi  pollutants  or  contaminants  from  RMA.  Task  hk 
attempts  to  consolidate  all  RMA  water  monitoring  programs.  Howevari  as 
discussed  In  the  State  comments  on  tite  Tusk  k  ISPi  Task  k  response  to 
comments.  Task  25,  Task  38,  Task  26,  Task  39  and  the  Offpost  CAR 
Report,  previous  water  contamination  assessment  programs  failed  to  meet 
tlie  primary  RI  objective.  Therefore,  Task  should  be  modi  l  ied  os 
outlined  below: 

a.  Task  must  define  the  nalure  of  contaminants  In  surface  and 
ground  water.  Non-target  organic  contaminants  must  be  Identified 
In  water  both  on  and  off  RMA. 

b.  T.ask  kk  must  evaluate  regional  aud  source  specific  contamination 
of  ground  water  and  surface  water. 

c.  Ta.sk  kk  must  be  designed  to  evaluate  the  vertical  extent  of 
contamination  through  the  Denver  Formation  and  Into  the  Arapahoe 
formation . 

d.  Quarterly  monitoring  of  on  and  offpost  wells  (and  all  new  wells) 
should  be  conducted  to  expedite  the  evaluation  of  the  nature  and 
extent  of  contamination  at  RMA,  to  characterize  seasonal 
fluctuation  In  contaminant  concentrations  and  to  closely  monitor 
the  effects  of  remedial  activities  on  the  groundwater  system. 


Response : 

(a):  The  Army  agrees  that  the  objectives  of  Task  kk  Include  assessing  the 
nature  of  ground-water  and  surface-water  contamination  at  RMA.  This 
objective  was  also  oppiled  to  the  preceding  regional  monitoring  ground- 
and  surface-water  Investigation  conducted  at  RMA  (Task  A).  Task  k 
achieved  the  stated  objective  by  eslabilshlng  an  analytical  program  that 
Included  analyses  for  up  to  50  target  analytes  and  identification  of  noti- 
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target  analytes  using  GC/MS  methods  to  analyze  waters  collected  from  10 
percent  of  the  wells  sampled  during  the  third  and  fourth  quartern  of 
Task  Although  this  objective  is  nut  expressly  stated  In  the  Task  44 

Scope  of  Work)  It  will  be  accomplished  under  the  Task  44  program-  The 
analytical  schedule  established  for  Task  44  will  Include  the  50  compounds 
utilized  In  Task  4  and  benzothlozol ■  In  addltloni  ground  water  collected 
from  approximately  10  percent  of  the  on-post  and  off-post  wells  sampled 
under  Task  44  will  be  analyzed  using  seml-qualltatlve  methods  (CC/MS}  to 
screen  for  24  purgeable  and  25  extractable  compounds  and  to  Identify  non¬ 
target  analytes-  Analytical  schedules  for  future  RMA  tasks  may  be  revised 
as  non-target  analytes  are  identlfled- 

(b) :  Expanding  the  Task  44  Scope  of  Work  to  Include  detailed  evaluation 
of  site-specific  contamination  la  not  necessary  for  achievement  of  the 
primary  objective  of  the  RI  stated  In  Comment  1  above-  Task  44  Is 
regional  In  nature,  not  a  site-specific  Investigation-  However,  the  Task 
44  regional  network  to  some  extent  utlllzeJ  the  best  existing  alluvial  and 
Denver  wells  for  both  upgradlent  and  downgradlent  monitoring  of  selected 
contaminant  sources-  Target  and  non-target  compounds  transported  from 
these  areas  will  he  identified  from  the  results  of  Tusk  44  sampling 
events-  In  addition,  future  long-term  monitoring  programs  will  be  refined 
and  modified  as  new  data  are  generated  to  ensure  that  adequate  geologic, 
hydrologic,  and  geochemical  Interpretations  can  be  made-  Program 
modifications  will  Include  the  addition  and  deletion  of  wells  to  or  from 
monitoring  networks  and  changes  In  analyte  schedules  as  needed - 

As  discussed  on  Page  1  of  the  Letter  Technical  Plan,  detailed,  site- 
specific  Investigations  will  be  completed  under  Tasks  25.  2/.,  36.  38.  and 
39-  These  tasks  must  be  maintained  separate  from  Task  44  to  ensure  that 
the  detailed  objectives  of  eoch  task  can  be  accomplished-  The  results  of 
each  of  these  site-specific  tasks  will  be  Integrated  under  Tr.sk  44  and 
will  provide  additional  data  for  the  Tusk  44  Interpretive  effort- 

(c) :  The  Task  44  network  has  been  designed  to  provide  the  data  necessary 
for  evaluation  of  the  vertical  exietr  of  cont-amlnnt  Ion  in  the  Denver 
aquifer-  The  Denver  network  presented  In  the  Letter  Technical  Plan  (Table 
3)  was  selected  by  examining  concentration  levels  and  depths  of 
contamination  reported  for  existing  Denver  wells-  In  general.  If  a 
sampled  well  contained  contaminant  concentrations  In  excess  of  RMA 
guidance  levels,  nearby  wells  completed  in  vertically  adjacent  aquifer 
zones  were  considered  for  monitoring.  If  no  existing  nearby  wells  were 
avnUabie  for  monitoring,  recommendations  were  made  for  installing  new 
wells  at  those  locations.  The  maximum  depth  of  contamination  will  be 
Identified  by  drilling  wells  progressively  deeper  in  the  Denver  I'ocmailcn. 
In  addition,  water-bearing  zones  within  the  Denver  Formation  were 
considered  In  terms  of  hydraulic  communication  between  wells-  This 
Information  was  used  as  a  general  Indicator  of  preferred  vertical 
Intervals  for  monitoring- 

(d) :  Quarterly  monitoring  will  not  expedite  evaluation  of  the  nature  and 
extent  of  contamination  ot  RMA-  Quorlerly  monitoring  either  was  or  Is 
currently  being  conducted  under  other  RMA  ground-water  monitoring  tasks 
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(Tnska  U,  25i  26i  36i  3B,  and  3^).  The  wnter-t|ual  Ity  niid  water-quantity 
results  obtained  under  these  tasks  have  Itidlcated  that  significant 
seasonal  fluctuations  are  not  apparent  at  kMA  and  that  quarterly 
monitoring  under  Task  Is  unnecessary.  The  need  for  more  frequent 
monitoring  during  remediation  will  be  evaluated.  Further,  semi-annual 
sompllng  of  a  larger  number  of  wells  Is  considered  to  be  a  stronger 
technical  approach  than  quarterly  sampling  of  one-half  the  wells  for 
determining  the  nature  and  extent  of  contamination  at  RMA. 

2.  CQDiiueitt.1 

It  Is  difficult  to  determine  the  adequacy  of  the  RMA  water  monitoring 
programs  given  that  we  have  not  received  draft  final  reports  for  the  Task 
k  third  and  fourth  quarters,  the  Task  A  non-target  analyte  data  and  Task 
38'  He  laying  the  release  to  the  State  of  pertinent  reports  until  after 
the  subsequent  monitoring  programs  have  been  Inltl.ated.  effectively 
prevents  the  State  from  substantive  participation  In  the  ongoing 
Investigations.  This  has  been  a  consistent  practice  throughout  the  RMA 
water  monitoring  RI/FS  program  and  does  not  meet  the  requirement.^  of 
SectLot)  i21(f)  of  CERCl.A  os  amended  and  other  applicable  State  law.  These 
reports  and  similar  contamination  assessment  reports  must  be  released  for 
review  before  subsequent  water  monitoring  programs  are  Imp  1 cniuntod . 

Response! 

The  State's  participation  In  ongoing  Investigations  has  not  been 
Intentionally  prevented.  The  timely  release  of  pertinent  report.s,  without 
compromising  data  quality,  tins  been  and  will  continue  to  be  a  primary 
objcctl’e.  The  Draft  Flnol  Task  A  Report,  including  third  and  fourth 
quarter  data  and  nontorget  nnolyte  data  (GC/MS),  lia.s  been  completed,  and 
will  be  submitted  In  brown  cover  for  MOA  review  In  the  near  future.  The 
Tusk  38  final  report  will  also  be  submitted  for  MOA  review  In  ihc  near 
future . 
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1 ■  UestecD-Iiec 
CQinmeQt-A:  Aliujclal-aqulfec 

The  extent  of  the  solvent  plumes  emanating  from  the  motor  pool  vicinity 
and  other  potential  source  areas  on  Sections  4  and  9  and  migrating  thruugli 
Section  33  have  not  been  fully  defined-  The  Western  Tier  monitoring 
program  should  be  expanded  by  adding  monitoring  wells  330/i6i  33()/<7i  33060i 
33O6I1  3i015i  and  33020  series  to  the  sampling  program  In  the  Inferred 
paleochannels  on  Section  33-  Additional  monitoring  wells  In  the  northwest 
corner  of  Section  33  are  needed  to  determine  the  solvent  flux  near  77th 
Street  and  Quebec- 

Response: 

The  slte-spcclf Ic  monitoring  of  solvent  contamination  emanating  1 rom 
source  areas  In  the  We.sturri  Tier  (motor  potjl  area)  Is  being  conducted 
under  Task  38-  Forty-seven  alluvial  wells  have  been  monitored  quarterly 
as  part  of  Task  38-  An  addltlonnl  16  alluvial  wells  are  Included  In  the 
Task  UU  alluvial  monitoring  network  In  the  Western  Tier  (Sections  9. 
and  33)-  The  analytical  results  obtained  under  Tasks  38  and  will  be 

combined  under  Tusk  AA-  Of  the  wells  listed  In  Comment  lA.  the  Tusk  38 
network  Includes  wells  33()'<6.  330A7,  33('20,  33022,  and  3302/i  -  Three  wells 
(33077,  33078,  and  33079)  recently  Installnd  between  wells  33015  and 
33060/33061  arc  currently  being  monitored  under  Ta-sk  38-  Additional 
monitoring  wells  have  been  Installed  In  the  northwest  quadrant  of  Section 
33  and  are  currently  being  monitored  under  Task  38. 

Couiiueol.R ;  fiedcuck-aguilei: 

Additional  Denver  aquifer  monitoring  wells  are  needed  to  define  the 
vertical  extent  of  contamination  In  this  -area. 

Eespanae: 

The  Army  agrees  th.nt  additional  monitoring  In  the  Denver  aquifer  Is  needed 
In  the  Western  Tier-  However,  additional  monitoring  will  require 
Installation  of  new  Denver  wells  In  this  area.  The  need  for  additional 
monitoring  In  the  Detivcr  aquifer  has  been  oddressed  under  the  Com[)osltc 
Weil  Program.  However,  new  Denver  wells  In  this  urea  are  considered  to  be 
of  a  lower  priority  than  other  wells  In  the  Composite  Well  Program. 
Addltlonnl  monitoring  wells  will  be  Installed  at  RMA  under  the 
Comprehensive  Monitoring  Program.  The  need  for  new  Denver  wells  In  the 
Western  Tier  will  be  re-evaluaicd  at  th.it  time- 
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II  ■  Norlhwest_Be8iQn_aad,Boutidacy._LSec:liQaa_22A_22j._28j.„3kA_3Sl 
Comuieiit-A;  Alluvial...aqui£ei: 

Additional  monitoring  wells  are  needed  to  fully  define  the  extent  of  the 
"newly  found"  solvent  contamination  (primarily  chloroform)  in  Sections  3ti . 

35 1  and  27  and  to  fully  utidurstand  how  the  paleocliannels  Influence  the 
plume-  Mew  monitoring  wells  are  proposed  to  be  conaLiucted  In  Section  3/t  as 
part  of  the  Composite  Well  Progrnnii  although  the  priority  of  well 
Installation  Is  at  issue.  These  wells  must  be  constructed  as  "high 
priority"  wells  to  complete  the  RI  In  a  timely  manner.  The  lack  of 
monitoring  wells  in  the  western  part  of  Section  35  must  be  addressed  In  Tusk 
Ak. 

Additional  'Alluvial  aquifer  mont toting  up  and  downgradlent  of  the 
Northwest  Boundary  Contaltiment  System  (NWBCS)  Is  needed. 

Eesponse: 

It  Is  as.siimcd  that  the  "newly  found"  solvent  contaml  no  t  Ion  In  Suctions  27  > 
3/i  1  and  35  refers  to  the  distribution  of  organoha logen  compounds  In 
alluvial  ground  water  presented  In  the  Draft  Final  Task  a  isp  Report 
(October  1980).  Conlamlnont  distribution  presented  In  the  Fln.nl  Task  A 
ISP  Report  (August  1987)  more  accurately  depicts  the  distribution  of 
organohulogen  compounds  as  Isolated  detections  In  Sections  3/i  and  35  and 
as  a  potentially  ooiit  I  minus  distribution  extending  from  sonlhe.'ifUorn 
Section  27  to  the  Northwest  Boundary. 

The  Army  agrees  Hint  additional  monitoring  wells  are  needed  In  Sections 
27.  3/1.  and  35.  Tills  need  has  been  oddres.sed  under  the  Compo.slte  Well 
Program  and  by  Including  three  new  wells  (which  Shell  recently  Installed 
In  Section  3/i )  In  the  Task  AA  alluvial  network.  Well  EP65  has  been 
Installed  under  Task  AA  In  the  e.astern  portion  of  Section  3A  between  the 
two  Isolated  detections  of  organohnlogcn  contamination.  Well  sites  EPG2i 
EP65i  and  EP67  have  been  or  are  being  Installed  In  Sections  3A  and  35. 

The  need  for  additional  monitoring  In  the  western  part  of  Section  35  will 
also  be  evaluated  based  on  Task  AA  results 

The  need  for  additional  alluvial  aquifer  monitoring  upgrndlent  and 
downgradlent  of  the  Northwest  Boundary  Containment  System  has  been 
addressed  by  the  Composite  Well  Program  under  Tasks  25  and  39.  Upgradlent 
well  sites  EPOl  and  EPOlA  and  downgradlent  well  site  E68  have  been 
proposed  and  given  moderate  priority.  Off-post  downgradlent  sites  E55  and 
EC6  have  been  Installed,  and  on-post  sites  Er02  and  EP03  have  been 
Installed  In  the  northwe.sl  quadrant  of  Section  27. 

Comuien£._Il :  Denvec-aquilec 

The  Task  A  ISP  documented  a  volatile  aromatic  contaminant  plume  in  the 
Denver  Formation  In  Sections  27  and  35.  Additional  wells  are  iieoded  to 
define  the  nature  and  extent  of  this  contamlnunt  plume. 
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BespoQse: 

The  contaminant  distributions  presented  in  the  Tnsk.  4  ISP  Report  should 
not  be  considered  contaminant  plumes >  as  detailed  assessments  of  the 
geologic  and  hydrologic  conditions  present  at  RMA  are  necessary  before 
contaminant  plumes  can  be  identified.  The  volatile  aromatic  distribution 
in  the  Denver  Formation  in  Sections  27  and  35  was  documented  in  the  Draft 
Final  Tnsk  4  ISP  Report  (October  1986)-  This  distribution  was 
extrapolated  over  a  distance  of  approximately  one  mile  between  two  data 
points-  The  revised  distribution  presented  in  the  Final  Task  4  ISP  Report 
(August  1987)  more  accurately  depicts  the  one  volatile  aromatic  detection 
in  Section  27  as  an  Isolated  hit.  The  need  for  additional  well  control  in 
southeastern  Section  27  was  recognized  during  design  of  the  Task  44 
network.  However,  only  one  suitable  Denver  well  (27049)  was  available  for 
inclusion  In  the  network  in  this  area-  Recommendations  will  be  made  for 
the  installation  of  additional  Denver  monitoring  wells  it)  this  area- 

111  ■  tJQEl.hcEn_RfifiiQn_aud_BflUPdaEy_-(.SectiQns_234._2lij._25A,261 

Comoieat-A;  Ailuvial-aquilsE 

The  new  wells  proposed  ns  part  of  the  Composite  Well  Program  ( FP  scries 
wells  53.  06.  25.  23.  14.  16.  and  13)  should  be  constructed  to  define  the 
extent  of  contamination  in  the  Alluvl.al  aquifer  beneath  the  eastern 
portions  of  Section  23  and  the  western  portions  of  Section  24-  The  wells 
should  be  incorporated  into  Task  44  and  Included  in  a  quarterly  monitoring 
program  for  at  least  one  year-  Additional  monitoring  wells  are  needed  It) 
the  southwest  portion  of  Section  26- 

Eespousc : 

Of  the  KP  series  wells  listed  In  Comment  A  above,  site  EP53  has  bee)) 
installed  in  southeastern  Section  23.  sites  KP13  and  F,P14  have  been 
Installed  in  western  Section  24.  and  site  EP23  have  been  installed  in 
eastern  Section  23-  The  remaining  wells  listed  ( EP06 ,  EP16i  and  Er25)  are 
proposed  for  installation  but  have  been  given  moderate  priority  under  the 
Composite  Well  Program. 

Additional  monltarl))g  wells  are  being  proposed  in  the  southwestern  portion 
of  Section  26-  Sites  EP44 .  EP45.  EP46,  EP47,  EP48.  and  EP59  are  proposed 
for  Instal lat ion  in  this  area-  Of  these  sites.  EP47  and  EP44  have  been 
completed  under  Tnsk  19-  The  remaining  proposed  sites  on  this  list  have 
been  given  low  priority  under  the  Composite  Well  Program. 

An.alytlcal  data  obtained  for  ground-water  samples  collected  before  or 
during  Fiscal  Year  1987  from  each  new  well  will  bo  used  in  Task  44 
interpretations-  In  addition,  future  monitoring  progr-ams  moy  incorporate 
any  or  all  of  these  wells  into  the  regional  sampling  network- 

ConjiuctiE.B:  DenvcE.aqulfeE 

New  monitoring  wells  are  needed  to  define  the  vertical  extent  of 
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contnml  nnt- 1  on  )n  this  region  nnrf  to  fill  the  rlnta  gaps  that  exist  In  the: 
northwest  portions  ol  Section  26i  the  southwest  and  western  portions  ol 
Section  2At  and  the  eastern  portions  of  Section  23  and  In  the  north 
plants . 

E&apoDse: 

New  Denver  wells  are  proposed  for  Installation  under  the  Composite  Well 
Program  In  each  of  the  areas  Indicated  In  Comment  B  with  the  exception  of 
the  North  Plants  area.  Cluster  well  sites  EP27,  EP53(  and  EP75  have  been 
Installed  In  the  eastern-southeastern  portion  of  Section  23.  Cluster  well 
site  EP7;i  has  been  installed  In  the  southwest  quadrant  of  Section  2k,  and 
a  second  Denver  sand  well  has  been  installed  at  EP56  In  the  northwest 
quadrant  of  Section  26.  The  analytical  data  obtained  for  the  wells 
Installed  dt  each  of  these  locations  will  be  Incorporated  Into  the  Task  kU 
Interpretive  effort.  In  addltloni  each  new  well  will  be  considered  for 
Inclusion  In  future  regional  ground-water  monitoring  programs.  The  nee<l 
for  additional  Denver  wells  In  each  of  these  areas  will  be  re-evaluated 
based  on  the  results  of  Tasks  25.  36.  and  kk- 

One  new  Denver  well  ha.s  been  Liistalled  in  the  North  Plants  area  under  Task 
k2  and  will  be  considered  for  Inclusion  in  future  regional  monitoring 
networks.  The  need  for  additional  Denver  aquifer  monitoring  Ln  the  Notth 
Plants  will  be  re-evaluated  based  on  the  results  of  Tusks  19,  25.  36,  niul 
kk. 


IV .  Cenlcai-&cgian..lS.eci.iQns-lj._2x-35j.-ibl 
CQiument :  Ailuvial_aod-lleausc_aqui£ei;s 

The  Task  kk  program  will  not  fully  define  the  n.'itnre  and  lateral  and 
vertical  extent  of  contnmln.at  Ion  of  ground  water  in  Sections  36,  I  and  2. 
Given  thl.s  high  number  of  source  areas  and  extensive  cont.’.ml nat  Ion  of 
groundwater  I  Task  kk  must  expand  cover.age  with  new  and  exist  liig  wells. 

Eesponse: 

The  need  for  additional  monitoring  In  Sections  1,  2,  and  36  has  been 
recognized  and  will  be  addressed  by  Including  existing  wells  and  new  wells 
In  fuliire  regional  ground-water  monitoring  programs.  Additional  existing 
wells  In  the  South  Plants  (Sections  1  and  2)  will  be  Included  In  future 
regional  monitoring  networks  to  provide  short-term  monitoring  for 
verification  of  the  historical  data  base-  These  wells  may  be  Included  In 
long-term  monitoring  networks  based  on  comparison  of  analytical  results  to 
historical  data.  Eleven  new  wells  are  being  Installed  In  Section  36  under 
Tasks  1  and  26.  The  analytical  data  obtained  for  these  new  wells  will  be 
Incorporated  Into  Task  kk  Interpretations,  and  all  new  wells  will  be 
considered  for  Inclusion  In  future  regional  monitoring  programs. 
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V-  Eastern -Tier 

Comment :  Aiiuyial-and.O&uvar.-aquilccs 

Monitoring  well  series  19001-005  confirms  thai  multiple  chemical 
contamination  exists  In  the  western  part  of  Section  19.  New  monitoring 
wells  are  needed  to  evaluate  the  local  hydrogeology  and  the  nature  and 
extent  of  contamination  of  the  eastern  tier.  Task  hU  should  also  Include 
additional  monitoring  of  the  alluvial  aquifer  in  Sections  30  and  31. 

Response : 

The  chemical  contamination  referred  to  In  Comment  V  for  monitoring  well 
series  19001-005  was  reported  In  the  historical  USATHAMA  data  base  and  has 
not  as  yet  'been  confirmed.  Monitoring  wells  I'^OOl  (alluvial)  and  19003 
(Denver)  were  Included  In  the  Task  network,  and  the  analytical  rosnlt.q 
obtained  for  these  wells  will  bo  evaluated  to  confirm  the  historically 
reported  concentrat  lon.s .  The  need  for  additional  monitoring  In  the 
southwestern  portion  of  Section  19  will  be  evaluated  based  on  T.a.sk  AA 
analytical  results. 

Well  30009  w.n.s  Included  In  the  Task  AA  alluvial  monitoring  nctwotk  and  1.4 
the  only  existing  alluvial  well  of  adequate  construction  for  wuler-qua I  I ty 
monitoring  In  Section  30.  EP  series  EP31-3A  are  proposed  for  Installation 
In  the  western  portion  of  Section  30  but  have  been  given  lower  priority 
than  otlior  new  wells  under  the  Composite  Well  Program.  If  Itistailedi 
these  wells  will  be  available  for  Inclusion  In  a  future  regional 
monitoring  network.  Locations  tor  additional  alluvial  wells  in  Section  30 
are  lliuUed  because  of  large  areas  of  unsalurated  alluvium  (see  Figure  8 
In  the  Letter  Techtilcal  Plan). 

Additional  allnvl.al  monitoring  In  Section  31  would  ni.so  require  the 
Installation  of  new  wells.  However,  the  need  for  new  well  InstnJ Jat loris 
In  this  section  Is  considered  to  be  a  lower  priority  than  other  areas  at 
RMA  under  the  Composite  Well  Program.  If  the  State  Is  aware  of  any 
Information  which  suggests  that  new  wells  are  needed  In  Section  31.  It  Is 
requested  that  this  Information  be  submitted  for  DOA  consideration. 

VI.  0II=£osL 

CodiqcuL  :  Aiiuviai-and-Denveir.aquilccs 

The  St.ite  has  provided  detailed  comments  on  the  T.ask  39  offpo.sl  monitoring 
program  and  the  Offpo.st  CAR.  St.ito  rccommendat  loii.s  for  Improving  the 
olfiiost  monitoring  program  .should  be  Incorporated  Into  T.ask  AA  . 


KespQDse 

The  State's  comments  pertaining  to  the  Task  39  off-post  alliivlnl  and 
Denver  aquifer  monlturlng  networks  were  addressed  by  Identifying  specific 
weli.*!  that  would  be  liistallcd  to  supply  specific  data  requirements.  Many 
of  the  Slate's  recommendations  for  Improving  the  off-post  monitoring 
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prrigrnm  were  mnde  without  complplc  knowledge  of  actions  thnl.  had  already 
been  undertaken.  For  example,  the  majority  of  wells  Installed  off-post 
were  not  mentioned  In  the  Draft  Final  Task  39  Technical  Plan.  The  primary 
concerns  addressed  by  the  State  were  addressed  by  specifying  all  off-post 
Installations,  many  of  wh-ch  were  installed  under  Tasks  36  and  25- 

The  Task  network  was  designed  to  meet  different  objectives  than  Task 
39.  Therefore,  It  Is  not  appropriate  to  Incorporate  the  Task  39  network 
In  Its  entirety.  The  design  of  -:he  Task  network  will  allow  for 
evaluation  of  each  specific  off-post  Installation  for  applicability  to  the 
regional  program  and  to  achievement  of  specific  goals.  In  this  respect, 
all  St  ite  comments  on  the  off-post  monitoring  program  will  be  Incorporated 
Itito  Task  94. 

Irrespective  of  the  programs  under  which  data  are  collected,  all  available 
data  will  be  Incorporated  In  Task  99  Interpretations. 
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S£ECIf:iC_£QUM£ljIS 
1 '  Commenl : 

P.l  The  purpose  of  Tnsk  cannot  be  limited  to  the  design  of  a  long-term 

regional  ground  and  surface  water  monitoring  program  only.  The  primary 
objective  of  Task  must  be  to  fully  define  the  nature  and  extent  of 
contamination  of  water  caused  by  hazardous  substances •  pollutants,  and 
contaminants  at  RMA-  Task  A  Initiated  this  effort.  Task  AA  attempts  to 
consolidate  all  earlier  water  monitoring  efforts.  As  the  State  Indicated 
in  Its  comments  on  the  Task  A  ISP  Report,  the  Task  A  Draft  Response  to 
Comments,  the  Offpost  CAR,  and  Task  39,  there  are  many  areas  where 
previous  water  contamination  assessment  programs  did  not  meet  the 
statutory  and  regulatory  objective  of  defining  the  nature  and  extent  of 
contamination. 

Response: 

Please  refer  to  General  Comment  1  and  our  response  to  that  comment.  It  is 
clear  in  both  the  comment  and  response  that  the  purpose  of  Task  AA  Is  not 
limited  to  the  design  of  a  long-term  regional  ground-  and  surface-water 
monitoring  program. 

2.  CUDJOIQUI: 

Limiting  Task  AA  to  regional  groundwater  monitoring  will  not  provide 
sufficient  Information  to  Identify  active  sources,  contaminant  transport 
nieclianlsms  and  individual  plume  pathways.  Saturated  zone  contaminant 
Investigations  at  specific  source  areas  are  needed  to  Identify  "active" 
source  areas:  to  define  the  interaction  between  unsaturated  and  saturated 
zone  contamination:  and  to  determine  the  extent  and  type  of  remediation 
needed  for  specific  sources  to  effect  a  complete  cleanup  of  the  RMA. 

Res pans e : 

The  Ta.sk  AA  network  was  not  designed  to  provide  monitoring  around  site- 
specific  or  potentially  active  source  areas.  Site-specific  Investigations 
are  being  provided  under  Tasks  25,  26,  36,  38,  and  39  and  In  other  Phase 
II  soils  tasks  as  outlined  In  the  Letter  Technical  Flan.  The  analytical 
results  obtained  from  all  RMA  ground-water  monitoring  tasks  will  be 
Integrated  under  Task  AA  to  provide  assessment  of  contaminant  transport 
mechanisms  and  migration  pathways.  The  complete  Integration  of  soils  and 
ground-water  data  will  be  completed  under  the  guidance  of  Task  23- 
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P-1  Task  should  not  be  limited  to  utilizing  data  and  evaluations 
within  the  Army's  designated  offpost  study  area-  The  U-S-  EPA.  SACWSD  and 
the  Trl-County  Health  Department  are  generating  water  quality  and  quantity 
data  south  of  80th  Avenue  to  56th  Street  and  between  the  RMA  west  boundary 
and  Monaco  Street-  These  data  must  be  Incorporated  Into  the  evaluations 
of  the  nature  and  xtent  of  a  groundwater  contamination  on  and  off  RMA- 

Response: 

Data  generated  by  the  U-S-  EPAt  SACWSD.  and  the  Trl-Co»inty  Health 
Department  In  off-post  areas  adjacent  to  RMA  will  be  Incorporated  Into  the 
Task  Uk  water  quality  and  quantity  evaluations  as  It  becomes  available. 

/) .  Commeul : 

P-2  The  Task  U  ISP  sampled  310  wells  for  water  quality.  However,  none  of 
these  samples  were  analyzed  by  GC/MS  techniques  to  Identify  the  full 
spectrum  of  organic  contaminants  present  In  the  groundwater.  To  correct 
this  oversight,  one  In  ten  of  the  Task  U  third  and  fourth  quarter  samples 
were  analyzed  by  GC/MS  for  non-target  analytes-  Although  these  samples 
were  collected  over  one  year  ago  and  despite  our  repeated  requests  for  the 
Information,  these  data  have  not  been  released  for  review,  it  Is  not 
possible  to  evaluate  the  appropriateness  of  the  "target  analyte"  list  or 
the  RMA  groundwater  monitoring  programs  without  this  information- 

The  number  of  monitoring  wells  sampled  In  subsequent  quarters  of  Task  t\ 
was  reduced  from  320  to  188  wells-  Therefore,  the  groundwater  monitoring 
program  attempts  to  identify  the  complete  spectrum  of  organic  contaminants 
at  a  27  square  mile  facility  with  approximately  88  contaminant  source 
areas  based  on  upproxlm-at el  38  samples.  The  nature  of  groundwater 
contamination  at  Pf' '  >  accurately  evaluated  with  so  few  samples- 

Depending  on  which  .  -r-'’  .  selected,  the  data  collected  could 

substantially  dlst  /t  i  •  iii  ...e  of  contaminants  present  In  the  surface 
and  groundwater  r  RI'A 

The  evaluation  of  Me  natu’' •  of  contaminants  In  the  groundwater  must  also 
be  slte/source  specific  to  define  the  types  of  contaminants  being  released 
from  Individual  source  areas- 

Response: 

Non-target  GC/MS  analytical  data  for  the  third  and  fourth  quarters  of 
Task  A  will  be  Included  In  the  Task  A  Final  Report  and  copies  have  been 
submitted  for  MOA  review  at  the  October  16.  1987  meeting  at  the  Denver 
offices  of  ESE-  Some  limited  source-specific  monitoring  will  be  conducted 
as  part  of  Phase  XI  soils  tasks,  existing  groutid-water  monitoring  tasks, 
and  the  long-term  comprehensive  nKinltorlng  program.  The  locations  of 
alluvial  and  Denver  wells  from  which  samples  were  collected  for  GC/MS 
analysis  during  Task  A  are  presented  In  Figures  1  and  2-  As  shown  In 
these  figures.  GC/MS  analyses  have  been  performed  on  many  of  the  wells 
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Figure  l 

TASK  4  ALLUVIAL  V^ELLS  SAMPLED 
FOR  GC/MS  ANALYSIS  DURING  THE 
THIRD  OR  FOURTH  QUARTER  (FY  86) 


Prepared  for: 

U.S.  Army  Program  Manager’s  Office 
For  Rocky  Mountain  Arsenal 
Aberdeen  Proving  Ground,  Maryland 
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Figure  2  Prepared  for: 

TASK  4  DENVER  WELLS  SAMPLED  U.S.  Army  Program  Manager’s  Office 
FOR  GC/MS  ANALYSIS  DURING  THE  For  Rocky  Mountain  Arsenal 
THIRD  OF  FOURTH  QUARTER  (FY  86)  Ab.rd..n  Ground,  M.„l.nd 
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locDterl  In  nnd  around  the  mn  Inr  soiirre  areas  at  BMA.  At  least  10  percent 
of  the  samples  collected  under  the  long-term  monitoring  program  will 
continue  to  be  analyzed  using  CC/MS  techniques- 

5  ■  Comoieal : 

P.3  The  fourth  objective  of  Task  AAi  identifying  areas  of  significant 
public  health  expostirei  Is  inappropriate  and  should  be  deleted  from  the 
task-  Task  35 <  the  RMA  Endangerment  Assessment,  should  evaluate  all 
pathways  of  public  health  exposure  on  and  off post,  including  those 
associated  with  groundwater  contamination-  Contaminated  drinking  water  Is 
only  one  exposure  pathway  that  must  be  assessed  to  define  areas  of 
significant  public  health  exposure- 

Eeapoase:  ‘ 

The  fact  that  the  objective  of  Identifying  areas  of  significant  health 
exposure  was  Included  in  Task  A4  should  not  be  construed  to  Imply  that  a 
complete  assessment  of  public  health  exposure  will  not  be  performed  under 
the  endangerment  assessment  (Task  35).  Because  Task  covers  areas  both 
on  nnd  off  RMA.  data  are  being  collected  In  areas  where  public  exposure  to 
contaminated  water  could  occur.  The  data  generated  in  these  areas  will  be 
provided  as  input  to  Tasks  35  and  39  where  a  determination  of  public 
health  exposure  will  be  made- 

6-  CommctU: 

P.3  Task  cannot  meet  objectives  five  and  six  using  only  available  or 
existing  geologic  and  Itydrologlc  data-  Task  UU  should  generate  geologic 
and  hydrologic  data  from  the  Alluvial.  Denver,  and  Arapahoe  formatlons- 
The  stated  objectives  should  be  modified  accordingly. 

Response: 

The  use  of  "ava 1 1  able  data"  refers  to  existing  data  as  well  ns  geologic 
and  hydrogeologlc  data  currently  being  generated  under  Tasks  25.  36.  39. 
and 

7 .  Cuiument. : 

p.3  The  difference  between  the  first  and  seventh  objective  is  not  clear- 
If  "aqueous  media"  means  surface  water.  It  should  be  clearly  stated-  The 
nature  of  contaminants  must  also  be  evaluated- 

Response; 

The  term  "surface  water"  will  be  added  to  the  first  objective-  The 
seventh  objective  will  be  amended  to  read  "Identify  the  primary  hydrologic 
pathways  by  which  contaminants  are  being  transported  to  the  RMA  boundary 
or  the  off-post  area"  In  the  forthcoming  Task  UU  Technical  Plan-  As 
discussed  in  General  Comment  1(a) .  the  nature  of  contaminants  will  be 
addressed  under  Task  AA. 
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8  ■  Comoieiit : 

P-3  The  eighth  objective  of  Tnsk  /|6  Appears  to  duplicate  Task  23- 
Although  a  Task  23  Technical  Plan  has  not  been  prepared  for  review,  the 
stated  purpose  of  Task  23  Is  to  define  the  Interaction  between 
contaminated  soils  and  contaminated  water.  Please  clarify  the  differences 
between  Tasks  and  23  In  both  draft  technical  plans-  Unless  there  Is  a 
substantive  difference  between  the  tasks,  the  effort  should  be  conducted 
In  Task  23  to  avoid  duplicative  assessments- 

Beapoase: 

The  differences  between  Tasks  UU  and  23  will  be  clarified  In  both  task 
Technical  Plans-  Task  Is  the  data  collection  task,  and  Task  23  is  the 
Interpretive  task  under  which  the  Interaction  between  soli  and  water  will 
be  evaluated-  Data  will  not  be  collected  under  Task  23-  Data  collected 
under  Task  will  be  used  to  supply  appropriate  Information  to  the 
Task  23  efforts  including  data  bases,  contaminant  distribution  maps,  and 
geologic  and  hydrologic  assessments- 

9.  Comnieul.: 

P-5  The  proposed  groundwater  monitoring  network  for  the  offpost  areas  is 
Insuf f Ic 1 ent .  Please  refer  to  the  State  comments  on  the  Offpost  CAR  and 
Task  39  Technical  Plan  for  specific  deficiencies- 

Bespcnae' 

As  described  In  the  response  to  General  Comment  VI,  the  majority  of  wells 
being  Installed  off-post  were  not  described  In  the  Dr,aft  I'lnal  Task  39 
Technical  Plan-  The  deficiencies  outlined  by  the  State  for  the  Task  39 
program  are  being  addressed  by  the  Composite  Well  Program  and  the 
Installation  of  new  monitoring  wells  under  Tasks  25,  36,  and  39-  The 
wells  being  Installed  off-post  will  be  sampled  under  their  respective 
tasks  and  then  considered  for  Inclusion  In  future  RMA  regional  monitoring 
networks.  Data  collected  under  each  of  the  various  ground-water 
monitoring  tasks  will  be  Integrated  under  Task 

10-  CQHHuenL: 

P-6  The  Army  has  Identified  the  Alluvial,  Denver,  and  Arapahoe  aquifers 
us  being  "of  primary  concern-"  However,  Task  UU  does  not  propose  any 
monitoring  of  the  Arapahoe  aquifer  and  proposes  only  limited  iiionltorlng  of 
the  Denver  aquifer  in  the  offpost  areas-  Additional  monitoring  of  the 
Denver  and  Arapahoe  aquifers  Is  needed- 

Bespoufie: 

The  Arapahoe  Formation  has  been  Identified  as  one  of  the  stratigraphic 
units  of  primary  concern  off-post  In  that  the  Arapahoe  aquifer  Is  used  as 
a  primary  drinking  water  source  In  the  Denver  area-  However,  there  Is  no 
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ItidlcnMon  thof  this  nqiilfer  hnp  hcon  cotitnml  noted  i  therefore.  It  Is  not 
necessary  to  extend  monitoring  to  the  Arapahoe.  The  vertical  extent  of 
contamination  In  the  Denver  aquifer  Is  being  assessed  under  Task  and 
data  from  this  effort  will  be  utilized  to  evaluate  the  potential  for 
deeper  contamination. 

The  Task  kit  off-post  monitoring  network  Includes  all  existing  wells  not 
currently  being  sampled  under  other  RMA  tasks  (Tasks  25 <  .36 >  and  39). 
Additional  off-po.st  Denver  wells  are  being  Installed  under  Tasks  36  and  39 
as  directed  by  the  Composite  Well  Program.  All  existing  and  new  wells 
under  Tasks  25)  36i  and  39  will  be  available  for  Inclusion  In  future  long¬ 
term  monitoring  networks.  Analytical  results  from  each  of  these  tasks 
will  be  Incorporated  In  the  Task  kk  Interpretive  effort. 

11.  Comment.:' 

P.7  Low  yield  monitoring  wells  should  not  be  automatically  eliminated 
from  the  Task  ^i/)  well  network.  Low  yield  may  be  a  function  of  formation 
permeability)  not  Improper  well  construction.  The  bedrock  formations  will 
have  a  coniparat  Ively  lower  permeability  than  the  Alluvial  form.’it  Ions. 
However]  the  bedrock  formations  may  still  present  a  significant 
environmental  pathway  for  RMA  contaminants. 

Besponse: 

Low  yield  wells  were  not  automatically  eliminated  from  the  Task  kk 
network.  Only  those  wells  which  consistently  did  not  recharge 
sufficiently  within  a  2^-hour  period  and  thereby  could  not  be  sampled 
according  to  USATIIAMA  procedures  were  not  considered  for  Inclusion  i.i  the 
Tnsk  kk  network.  Low  yield  wells  s.nmpled  In  the  past  were  given  equal 
consideration  with  other  available  RMA  wells. 

12.  Coaimcnt; 

P.7  Wells  with  unacceptable  and  questionable  construction  are  being  used 
to  evaluate  the  nature  and  extent  of  groundwater  contaralna L Ion .  Using 
poorly  documented  or  constructed  wells  could  result  In  misinterpretations 
of  groundwater  conditions  and  may  not  provide  an  accurate  definition  of 
the  extent  of  vertical  contamination.  Task  kk  and  "long  term  monitoring 
programs"  must  replace  "unacceptable  and  questionable"  wells  with  properly 
constructed  and  documented  wells  to  the  maximum  extent  possible. 

Bespaase: 

The  Army  does  not  agree  that  the  wells  classified  as  quesi  Lonablc  will 
yield  Inaccurate  results.  All  wells  considered  adequate  for  sampling  were 
classified  as  acceptable)  potetitially  acceptable)  and  questionable  based 
solely  on  the  amount  of  supplemental  construction  Information  available. 
Therefore)  tliere  Is  tio  reason  to  suspect  Inaccurate  results  from  any  wells 
classified  as  questionable. 
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We  agree  t-hnt  using  iinnrcept.able  wells  could  lead  to  mlsl  ntcrpretnl  ion  of 
ground-water  conditions  and  may  not  provide  an  accurate  definition  of  the 
extent  of  vertical  contamination-  Attempts  are  being  made  to  replace 
unacceptable  wells  located  In  critical  areas  with  new,  properly 
constructed  wells.  Eight  wells  considered  to  be  of  unacceptable 
construction  for  monitoring  are  Included  in  the  Task  hk  network.  Six  of 
the  wells  (23095,  23108,  26015,  26017,  26020,  and  27016)  are  Basin  K 
monitoring  wells  which  have  been  monitored  historically  and  arc  being 
sampled  to  develop  and  maintain  a  chemical  data  base.  As  discussed  in  the 
final  Task  ^  ISP  Report  (August  1987),  a  proposal  was  made  to  replace 
these  six  wells  with  nine  existing  wells  which  had  been  evaluated  and 
found  to  be  adequate  for  water-quality  monitoring:  however,  the  deletion 
and  replacement  of  the  six  wells  was  deemed  premature  by  the  CDH  and  the 
l).S.  EPA.  The  two  remaining  Isolated  wells  ( 26006-Alluvlal  and  05001- 
Denver)  were  selected  based  on  their  location  and  screened  Intervals.  New 
alluvial  wells  are  proposed  for  Installation  at  sites  EPAA,  Ep/,5,  and  EP^i6 
In  the  vicinity  of  Well  26006.  New  wells  have  been  considered  around  Well 
05001,  but  this  aron  has  been  given  lower  priority  than  other  areas  at  RMA 
under  the  Composite  Well  Program. 

13-  CQDiiueat; 

p.8  Using  unilaterally  established  "water  quality  guidance  levels"  as  a 
screening  criteria  for  Incorporating  wells  Into  the  Task  hit  network  Is 
Inappropriate-  The  primary  objective  of  Task  must  be  to  fully  define 
the  nature  and  extent  of  contamination  at  RWA.  not  the  extent  of 
contamination  "above  Army  guidance  levels."  All  references  to  this 
criteria  should  be  deleted  from  the  technical  plan.  The  well  network 
should  be  reevaluated  to  Include  sufficient  wells  to  meet  the  primary 
object Ive . 

Response : 

Guidance  levels  were  used  as  one  of  several  screening  criteria  for 
Incorporating  wells  Into  the  Task  monitoring  well  network- 
Speclf Ically ,  guidance  levels  were  used  only  to  prioritize  well  locations- 
No  wells  were  removed  from  further  consideration  based  solely  on  guidance 
levels-  Culduticc  levels  were  selected  conslstant  with  water-quality 
criteria:  however.  If  no  water-quality  criteria  were  available  then 
guidance  levels  were  established  to  correspond  to  either  analytical 
deteclloti  lln:lts  or  levels  suggested  by  CPU  or  the  Army.  Therefore,  the 
use  of  guidance  levels  In  designing  the  Task  UU  well  network  could  not 
have  negatively  Impacted  the  Task  AA  program. 

l/i .  Comment: 

P.9  The  evaluation  of  the  Task  AA  well  network  should  emphasize  the 
location  (areal  at:d  vertical)  of  a  well  rather  than  the  recency  of  water 
quality  data.  The  variation  of  analytical  results  should  not  be  used  as  a 
criterion  for  Incorporating  wells  Into  Task  AA . 
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Response: 

Well  location  (areal  and  vertical)  was  given  preference  over  the  recency 
of  water-quality  datai  with  all  other  selection  criteria  being  e(|uai 
during  formulation  of  the  Task  4A  network.  Howevert  preference  was  given 
to  wells  with  recent  water-quality  data  when  selecting  between  wells  cJo.so 
to  one  another. 

We  disagree  that  variations  In  analytical  results  should  not  be  used  as 
well  selection  criteria.  The  consistency  of  analytical  results  Is  an 
important  criteria  In  assessing  historical  water-quality  data  and  thereby 
itifluences  the  well  selection  process. 

15.  Comment: 

P.IO  The  rationale  for  well  selection  in  the  Denver  Formation  falls  to 
recognize  that  "downgradlcnt"  flow  is  likely  to  be  vertical,  ns  well  as 
horizontal.  The  monitoring  program  shoul<l  be  modified  accordingly. 

Eespouae: 

As  discussed  on  Page  13  of  the  Letter  Technical  Plan,  the  rntlormlc  for 
well  selection  In  the  Denver  Formation  recognized  the  need  to  evalii.nte  the 
required  maximum  depth  of  monitoring.  In  general.  If  a  sampled  well 
contained  contaminant  concentrations  In  excess  of  RMA  guidance  levels, 
nearby  wells  completed  In  vertically  adjacent  aquifer  zone,s  were 
considered  for  monitoring.  If  no  nearby  wells  existed  or  were  screened  In 
the  appropriate  zone.  Inst.aliatlon  of  a  new  well  was  considered  under  the 
Composite  Well  Program.  The  discussion  presented  on  P.age  10  and 
referenced  In  Comment  15  addresses  only  the  Issue  of  lateral  extent  of 
contaminat Ion . 

16.  Cummeut: 

P.ll  A  comparison  of  Figures  5  and  9  Indicates  that  the  paleochanncl  map 
was  prepared  using  excessive  extrapolation-  For  example,  Figure  9  shows 
three  separate  northwe.st  trending  channels  beneath  Sections  A  and  9  based 
on  two  data  points  (09002  and  09005)  within  a  "channel."  There  is  not  a 
single  data  point  In  the  northernmost  channel  (shown  to  extend  for  1-1/2 
miles).  Similarly.  In  Section  3  and  other  areas  where  paleochannels  are 
shown,  little  or  no  data  exists  to  establish  the  location  and  orientation 
of  the  channels.  The  Task  AA  program  should  not  be  focused  on  "inferred" 
or  Imagined  channels.  The  monitoring  well  network  and  these  figures 
should  be  modified  accordingly. 

Response: 

Inferred  bedrock  paleochannels  wore  not  constructed  based  on  the  data 
points  (well  locations)  shown  on  Figure  9.  As  stated  on  Page  11  of  the 
Letter  Technical  Plan,  the  p.al  eocliannel  map  was  prepared  from  available 
geologic  Information.  This  Information  Included  boring  logs,  bedrock 
contour  maps,  and  alluvial  thickness  maps-  Therefore,  the  locations  of 
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the  pnl eoch.'inno Is  shown  In  Figures  5  and  9,  developed  from  existing 
geologic  data,  represent  reasonable  estimates  for  major  ground-water 
migration  pathways  at  RMA* 

17.  CQumenl: 

P.12i  13  The  Denver  Formation  monitoring  network  design  does  not  provide 
an  adequate  mechanism  to  determine  the  extent  of  vertical  contamination  In 
areas  where  there  are  limited  Denver  aquifer  monitoring  wells.  Vertical 
cluster  wells  must  be  constructed  into  the  Arapahoe  formation. 

Eespoose: 

A  "phased  approach"  has  been  taken  to  determine  the  vertical  extent  of 
contamination.  In  this  approach,  wells  are  drilled  progressively  deeper 
In  the  Denver  Formation  to  determine  vertlc.al  contaminant  occurrence 
rather  than  Immediate  drilling  to  the  Arapahoe  Formation.  By  conducting 
Lite  Invest igal Ion  In  this  manner,  the  deepest  contaminated  Interval  can  be 
determined  while  minimizing  the  risk  of  cross-  contamination.  As  an 
example,  this  rationale  was  used  In  proposing  a  new  well  cluster  at  sire 
EP56  In  north-central  Section  26.  where  primary  priority  has  been  given  lo 
an  alluvial  well  and  a  first  Denver  sand  well  under  the  Composite  Well 
Program.  The  analytical  results  obtained  for  ground-water  samples 
collected  from  these  wells  will  be  used  to  determine  whether  a  second 
Denver  sand  well  proposed  under  the  Composite  Weil  Program  at  site  El’56 
will  be  drilled.  This  procedure  will  be  continued  at  site  EP56,  atul  other 
sites,  until  the  vertical  extent  of  contamlnallon  has  been  adequately 
defined . 

18.  ComiDcnl: 

P.12  Figure  6.  Regional  and  localized  groundwater  flow  should  not  be 
represented  using  subjective  arrows  that  appear  to  Identify  the  locations 
of  the  three  operating  boundary  systems.  A  polontlometrlc  surface  contour 
map  would  be  more  useful  to  demonstrate  the  uppermost  groundwater  flow 
directions . 

Response : 

The  ground-water  flow  directions  presented  in  Figure  6  were  drawn  based  on 
previous  hydrogeologlc  investigations  (May  1982)  and  on  recent  water-table 
contour  maps  (T.'isk  A).  A  map  showing  ground-water  flow  directions  and 
water-table  contours  will  be  presented  in  the  Task  AA  Technical  Plan. 

19.  CoiuuiQUl: 

P.13  The  Task  kk  monitoring  program  must  design  a  Denver  aquifer 
monitoring  program  based  on  the  gcologlc/hydrogeologlc  units  of  the  Denver 
Formation.  The  present  program,  as  well  as  the  Interpretations  In  the 
Task  A  ISP  Report,  arc  Incapable  of  determining  contaminant  pathways  In 
the  complex  sandstone  and  shale/ciaystoiie  units. 
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Detailed  strat Igraphic  t nterpret.nt tnns  of  the  Denver  Formation  throughout 
RMA  are  necessary  components  of  the  Task  investigation'  These  geologic 
Interpretations  should  be  used  to  revise  the  present  Task  4't  Denver 
monitoring  well  network;  to  better  define  contaminant  pathways;  and  to 
define  the  vertical  and  areal  extent  of  contamination. 

Response; 

As  presented  in  the  MOA  meeting  held  In  Denver  from  August  31  to 
September  3i  1987,  detailed  stratigraphic  interpretations  of  the  Denver 
Formation  have  been  completed  or  are  being  completed  for  selected  portions 
of  RMA.  Geologic  and  hydrologic  information  is  c;irrently  being  Integrated 
under  Task  to  assess  contaminant  pathways  and  to  define  vertical  and 
lateral  contaminant  distribution-  Task  AA  assessments  will  be  used  to 
recommend  Strategies  for  Denver  aquifer  monitoring  in  future  RMA  ground- 
water  investigations. 

20.  CaDimenP: 

P.IA  The  report  should  describe  the  criteria  used  to  classify  a  well  as  a 
"Denver"  well.  Previously,  all  wells  with  screened  Intervals  within  10 
feet  of  the  Alluvlal/Dcnver  interface  were  identified  as  Alluvial  wells. 
This  criteria  should  continue  to  be  applied  to  Task  AA. 

Reapouae: 

The  rationale  used  to  classify  wells  as  alluvial  or  Denver  during  Task  A 
was  based  on  an  alluvial/Denver  Interface  arbitrarily  selected  at  10  feet 
below  the  alluvium/Denver  Formation  contact.  The  Interfacu  was 
established  as  the  assumed  depth  below  which  the  Denver  aquifer  could  be 
considered  a  discrete  hydrogeologlc  unit  Isolated  from  the  overlyltig 
alluvial  aquifer.  The  depth  to  the  Interface  was  arbitrarily  selected 
because  no  geologic  or  hydrogeologlc  Interpretations  were  Included  under 
the  Task  A  guidelines-  However,  the  interpretive  efforts  under  Task  AA 
will  facilitate  Identification  of  discrete  water-bearing  zones  and, 
therefore,  an  arbitrarily  selected  alluvial /Denver  Interf.ace  may  no  longer 
be  appropriate.  As  a  result,  wells  were  selected  for  Inclusion  In  Task  AA 
alluvial  and  Denver  monitoring  networks  based  solely  on  the  locations  of 
screened  Intervals  with  respect  to  reported  locations  of  the 
alluvium/Denver  Formation  contact.  All  Task  AA  data  will  be  evaluated  and 
Interpretations  will  be  made  according  to  discrete  water-bearing  units. 

21.  CaniDieut.: 

P.IA  Quarterly  sampling  should  be  continued  for  onpost  wells  until  the 
RMA  monitoring  program  has  successfully  defined  the  nature  and  extent  of 
groundwater  contamination  at  RMA.  Seasonal  fluctuntion  and  anotnnlous  data 
will  not  be  identified  using  a  semi-annual  monitoring  schedule-  After  the 
primary  objective  of  Task  AA  has  been  achieved,  a  "long  term",  semi-annual 
monitoring  program  may  be  appropriate. 
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EespQDse; 

Please  refer  to  our  response  to  General  Comment  1(d). 

22.  Commeul: 

P.17  The  Task  Denver  well  network  should  not  be  limited  to  exl.stlng 
wells.  New  Denver  and  Arapahoe  formation  wells  are  needed  both  on  and 
offpost  to  evaluate  the  vertical  extent  of  contamination. 

Eeaponae: 

The  well  networks  for  Task  kh  and  future  regional  monitoring  programs  are 
designed  to  be  dynamic,  and  newly  Installed  wells  may  be  added  to  the 
networks  If  Information  from  these  wells  would  help  aclilevc  task 
objectives.  Information  generated  from  other  RMA  tasks  will  be 
Incorporated  Into  the  Task  interpretive  efforts.  Recommendations  for 
new  wells  will  be  made  following  Task  UU  assessments- 

23.  CooiDiCDl: 

R.19  The  three  "major  hydrologic  zones"  proposed  to  describe  the  Denver 
Formation  apply  only  to  the  South  Plant.s/BasI  n  A  area.  These  zones  should 
not  be  construed  as  "hydrogeologlcally  continuous"  on  an  Ar.*:ena  1-wldo 
scale.  Until  the  detailed  hydrogeologlc  Inlcrprctat  Ion  of  IhLs  task  1  .s 
completed)  such  conclusions  are  premature - 

Eesponsc: 

The  Army  agree.s  that  the  three  major  hydrologic  zones  d Iscus.sed  on  Page  19 
of  the  Letter  Technical  Plan  should  not  be  construed  as  hydrogcolog lea L ly 
continuous  across  RMA-  Specific  references  to  Denver  lithologic  units 
will  not  be  included  In  the  T.isk  UU  Technical  Plan)  but  ev.Tluatlon  and 
correlation  of  thc.se  units  Is  being  conducted  under  Task  /i/i  and  will  be 
discussed  In  detail  In  the  Task  Ui>  Final  Report. 

2/|.  ComiDeut: 

P.20  Non-target  GC/MS  analyse.^  must  be  continued  both  on  ai\d  offpo.st  to 
characterize  the  types  of  contaminants  present  In  the  ground  and  surface 
water  at  the  principal  source  areas. 

Eesponse : 

Approximately  10  percent  of  the  samples  collected  on-post  and  off-po.st 
under  Task  will  be  analyzed  using  CC/MS  methods-  These  methods  will  be 
used  to  screen  for  2/t  purgenblc  and  25  extractable  compounds  and  to 
identify  non-target  analytes.  This  Information  will  be  documented  In  the 
complete  chemical  analysis  discussion  presented  In  the  Task  i\i\  Technical 
Plan. 
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DRAFT  RESPONSES  TO 
SHELL  CHEMICAL  COMPANY 
COMMENTS  TO  THE  TASK  44 
DRAFT  FINAL  LETTER  TECHNICAL  PLAN 


1 '  Comiui^nL : 

The  alluvial  well  distribution  Is  very  sparse  In  tne  South  Plants, 

Basin  A.  and  eastern  reach  of  Basin  A  Neck  paleocharmel  -  Both  South 
Plants  .and  Basin  A  are  primary  source  ari'j,  and  the  Basin  A  Neck  Is  a 
principal  pathway.  Why  are  there  so  few  wellt;  In  these  areas?  In 
addition,  there  Is  a  paucity  of  wells  along  one  of  the  demonstrated 
flow  paths  from  the  Basin  F/chemlcal  sewer  area  In  Section  2f>  to  the 
North  Boundary  (common  boundaries  of  Sections  23  and  2k).  These  points 
are  well  lllu.strated  by  Figures  8  and  9,  In  wnlch  tlie  ailiivtal  well 
network  overlies  a  map  of  the  saturated  alluvial  areas  atid  principal 
pa  I  eoch.nntte  I  s  ,  respectively.  Note  the  lack  of  wells  fn  Basin  A,  Ba.sln 
A  Neck  .and  B.'isln  F-North  Boundary  channels. 

Kuapunss : 

As  discu.ssod  on  Page  1  of  the  Letter  Technical  Plan,  the  Task  44  well 
network  was  forniul.sted  lo  provide  reglon.al  ground-water  monl  toting  In 
oa-pnst  .tad  off-post  areas  at  RMA,  Well  networks  for  five  additional 
ground -w.'i ter  tasks  (Tasks  25,  26,  36,  38,  and  39),  as  well  as  some 
Phase  11  soli  sampling  tasks,  have  been  established  to  provide 
monitoring  In  specific  Investigative  areas  such  as  the  boundary 
systems,  primary  source  areas,  and/or  potential  migration  pathways. 

7he  area  along  the  common  boundary  between  Sections  23  and  24  Is  within 
the  Taid'  25  Investigative  area.  The  Task  25  program  Includes  qu.artcrly 
monitoring  of  existing  and  new  wells-  All  available  analytical  re.sults 
obtained  from  all  site-specific  RMA  ground-water  monitor  lag  tasks  will 
be  Integrated  with  Task  44  results  under  the  interpretive  effort  to  Le 
completed  under  T.ask  44-  As  such,  the  number  and  location  of 
monitoring  wells  Included  In  the  Task  44  netwo’k  In  the  areas  Iridicatod 
In  Comment  1  Is  sufficient  and  In  accordance  with  the  Task  44 
objectlvesi  however,  the  Army  agrees  that  addltlon.al  verification  of 
the  hl.storlcal  data  base  In  the  South  Plants  area  Is  nece.ssary.  Tlie 
Army  recently  received  a  number  of  logs  for  Shell  wells  which 
previously  were  not  available-  The  logs  are  being  assessed  to 
determine  the  accept.iblllty  of  these  wells  for  sampling,  and  some  of 
these  wells  will  be  Incorporated  Into  the  well  network  for  the 
comprehensive  long-term  sampling  program-  In  addition,  any  dal. a 
resulting  from  sampling  and  analysis  programs  conducted  by  Shell  will 
be  used  to  supplement  Army  da .a, 

2.  CouiuienL: 

The  contaminant  migration  pathway  from  the  Basin  A  Neck  palenchannel 
atid  the  Section  26  basins  to  the  Noichwest  Boundary  has  not  been 
adequately  defined.  More  wells,  both  alluvial  and  Denver  are  needed  to 
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estnbllsh  hydrogcologtc  definition  In  this  area  (principally  In  Section 
27). 

Re&pQns£.L. 

More  wells  have  been  Installed  and  are  being  Installed  In  this  area  to 
establish  hydrogeologic  definition.  Alluvial  and  Denver  wells  have 
been  Installed  at  sites  (Section  26) i  EP47  (2708A)i  EP49  (Section 

26),  EP52  (Section  26),  EP53  (23220.  23221,  23222),  EP5A  (261A8)  and 
EPS6  (26153).  Sites  EP45,  EPA6,  EPAS,  EP50,  and  EP56  In  Section  26  may 
be  Installed  but  are  of  secondary  priority  under  the  Composite  Well 
Program.  Data  from  these  wells  will  be  incorporated  Into  the  Task. 
Interpretation  as  they  become  available. 

3.  CaoJuuDl:' 

The  Denver  Formation  network  appears  to  be  biased  in  the  areal 
distribution  of  wells.  There  are  12  wells  monitoring  East  Section  22 
and  West  Section  23.  Data  reviewed  to  date  does  not  suggest  that  this 
area  needs  extensive  monitoring.  There  are  only  A  wells  in  Section  27 
which  Is  an  area  known  to  have  significant  contamination.  Also,  we 
need  a  better  understanding  of  any  pathway  to  the  Northwest  Boundary 
through  this  section.  We  need  more  wells  to  build  our  understanding  of 
Section  27. 

Eespousi! : 

The  Task  Denver  well  network  was  selected  from  existing  wells  of 
suitable  construction  for  water-quality  monitoring.  Therefore,  any 
apparent  bias  In  the  Denver  well  network  is  a  function  of  the  lack  ot 
ovallabl.llty  of  existing  and  adequately  constructed  Denver  wells.  New, 
properly  constructed  wells  are  currently  being  installed  under  various 
ground-water  monitoring  tasks  at  RMA.  The  overall  coordination  of  new 
well  Installations  Is  directed  by  the  Composite  Well  Program-  New 
wells  Installed  under  tasks  other  than  Task  will  be  sampled  twice 
under  their  respective  tasks  and  will  then  be  considered  for  Inclusion 
In  future  long-term  monitoring  networks-  However,  the  analytical 
results  of  all  wells  sampled  at  RMA  will  be  Integrated  under  the  Task 
Interpretive  efforts-  The  12  wells  monitoring  east  Section  22  and 
west  Section  23  were  included  In  the  Task  64  network  to  provide 
vertical  definition  of  contamination  in  the  Denver  aquifer.  Two  of 
the.«;e  wells  (23132  and  23185)  are  screened  In  the  upper  portion  of  the 
Denver  Foimntlon  and  were  included  to  provide  monitoring  of  water  table 
conditions  beneath  unsaturated  alluvium. 

The  Army  agrees  that  additional  Denver  wells  are  needed  In  Section  27 
to  assess  potential  ground-water  mleratlon  pathways  to  the  Northwest 
Boundary  through  this  section.  However,  the  number  of  wells  Included 
In  tile  Task  66  network  In  Section  27  is  again  a  function  of  the  number 
of  existing  Denver  wells  of  suitable  construction  for  monitoring- 
Additional  monitoring  of  the  Denver  aquifer  In  Section  27  Is  provided 
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The  statement  made  by  Shell  that  the  existence  of  a  "majot"  flow  path 
from  Basin  A  through  the  Basin  A  Neck  to  the  southwest  corner  of 
Section  26  is  much  more  Important  than  that  trending  from  Basin  A  north 
through  Basin  C  is  not  tiecessarlly  true-  The  fact  that  tliere  are 
higher  concentrations  of  contaminants  at  the  north  boundary  suggests 
that  the  north  trending  flow  path  from  Basin  A  should  not  be  discounted 
as  a  potential  contributor  of  contamination  to  the  northern  area  and 
considered  of  less  Importance  than  the  northwest  trending  flow  path 
extending  from  Basin  A  to  the  southwest  corner  of  Section  26-  Alsoi 
although  the  rate  or  volume  of  water  movement  from  Basin  F  to  the  North 
Boundary  may  not  be  as  high  as  that  in  other  areas  of  RMAi  this  Is  a 
contaminant  pathway  and  Is  therefore  a  flow  path  that  needs  to  be 
considered • 

6-  Cammentr 

More  wells  are  needed  offpost  to  the  east  and  south  to  more  accurately 
establish  upgradlent  "background"  water  quality. 

Eespouse: 

After  assessing  the  analytical  results  of  samples  from  numerous 
upgradlent  wells  during  Task  'i .  background  water-  quality  sampling 
points  were  revised  to  reflect  conditions  immediately  upgiadleiil  of 
observed  ground-water  contaminant  distributions-  Background  wells  were 
established  as  close  as  possible  to  contaminant  distribution  boundaries 
In  order  to  describe  any  potential  degradation  of  water  quality  In  a 
timely  manner-  The  current  Task  well  ne'^work  along  the  southern  and 
eastern  tier  Is  thought  to  adequately  monitor  influent  alluvial  and 
Denver  water  quality.  The  need  for  additional  background  wells  was 
evaluated  as  a  part  of  the  Composite  Well  Programs  however,  such  wells 
are  considered  to  be  a  low  priority  compai.eu  'o  other  proposed  wells  In 
the  Composite  Well  Program. 

7.  Caoimeuir 

As  defined  in  Task  U,  the  Army's  designation  of  wells  as  "alluvial"  or 
"Denver"  is  open  to  question.  No  mention  of  these  criteria  is  made  In 
Task  ^^1  so  It  Is  assumed  the  same  rules  apply.  A  discussion  regarding 
the  rationale  behind  the  Army  formation  designation  Is  required  to 
resolve  this  Issue. 

EespQDse: 

The  rationale  u.sed  to  classify  wells  as  alluvial  or  Denver  during  Task 
^1  was  based  on  an  al  iuvlal/Denver  Interface  arbitrarily  selected  at  10 
feet  below  the  alluvluni/Denver  Formation  contact.  The  Interface  was 
established  as  the  assumed  depth  below  which  the  Denver  aquifer  could 
be  considered  Isolated  from  the  overlying  alluvial  aquifer-  The  depth 
to  the  Interface  was  arbitrarily  selected  because  no  geologic  or 
hydrogeologlc  Interpretations  were  Included  under  the  Task  4 
guidelines-  However,  the  Interpretive  efforts  under  Task  will 
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faclHtnte  identification  of  discrete  water-bearing  zones  and. 
therefore,  an  arbitrarily  selected  alluvlal/benver  Interface  Is  no 
longer  necessary-  As  a  result,  wells  were  selected  for  inclusion  in 
Task  /|/i  alluvial  and  Denver  monitoring  networks  not  by  using  the 
arbitrarily  selected  10-foot  rule  but  based  solely  on  the  locations  of 
screened  Intervals  with  respect  to  reported  locations  of  the 
alluvium/Denver  Formation  contact-  However,  all  Task  /i4  data  will  be 
evaluated  and  interpretations  will  be  made  according  to  discrete  water¬ 
bearing  units- 

8 .  Commeni. : 

The  Havana  surface  water  detention  pond  in  the  southeast  corner  of 
Section  11  may  be  collecting  grease  and  other  cont.amlnants  from 
offsite-'  The  contaminated  surface  water  in  the  pond  may  be  leaching  to 
groundwater  and  serve  as  a  contamination  source-  To  characterize  this 
potential  source,  additional  wells  need  to  be  placed  both  upgradient 
and  downgradlent  of  the  pond-  In  addition,  the  water  lit  the  detection 
pond  needs  to  be  sampled  to  determine  contamination- 

Keaponse: 

The  investigation  of  upgradient.  off-site  contaminant  sources  located 
on  the  Peoria  Interceptor  would  best  be  Investigated  through  an 
Investigation  of  surface-water  quality  and  sediment  composition- 
Chemical  characterization  of  surface  water  and  sediment.  In  conjunction 
with  revision  of  the  surface  water  an.-’lysls  at  Havana  Pond,  will  serve 
to  quantify  surface-water  flux  and  contaminant  flux  to  the  ground-water 
system-  Identification  of  significant  contaminant  fluxes  would  then 
require  re-evaluatlon  of  the  need  for  additional  monitoring  wells  in 
this  area.  This  assessment  Is  not  Included  In  the  Task  44  scope  of 
work,  but  recommendations  to  initiate  this  investigation  may  be  made 
following  Task  44  evaluations- 

9-  Cooiuienl.: 

Objective  #1  (p-  3)  cannot  be  met  without  additional  wells  in  the 
Denver  forinaCloii,  especially  Section  27- 

Eesponae: 

Wells  have  been  Installed  at  Sites  EP02  and  EP03  under  Task  25  and  will 
aid  in  defining  contaminant  distribution  at  the  Northwest  Boundary. 

Data  from  several  sources,  including  Tasks  25,  26.  36,  38,  39,  and 
Shell  interpretations,  will  be  Integrated  with  Task  44  data  and  will 
provide  a  comprehensive  data  base  for  Task  44  Inierprelat Ions  - 

1 0  -  CoBimeni. : 

Page  5,  Paragraph  II 

Why  is  Task  6  not  used  as  input  to  Task  44  in  Figure  1? 
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Are  any  of  these  wells  considered  questionable?  If  soi  why  not 
drill  new  wells? 

-  In  the  complete  plan  there  should  be  a  description  of  all  the 
Denver  wells  and  the  logic  for  their  Inclusion  in  the  program. 

Eesponse: 

(a) :  Figure  1  presents  the  relationship  of  current,  ongoing,  detailed 
groutid-water  studies  to  Task  UU .  Task  6  refers  to  a  different  USATHAMA 
contract  (DAAK11-83-D-0007)  for  off-post  contamination  assessment. 

This  task  is  no  longer  an  ongoing  RMA  program  because  all  previous  Task 
6  wells  have  been  transferred  to  Task  Therefore,  Task  6  Is  not 

Included  in  the  diagram  present  In  Figure  1-  Similarly,  Task  A  Is  also 
not  listed  In  Figure  1- 

(b) :  Twenty-nine  of  the  A3  wells  Included  In  the  Task  AA  off-po.st 
monitoring  network  were  Installed  during  the  Fall  of  1985  under  Task  6- 
All  of  these  wells  were  Installed  using  proper  well  construction 
procedures  and  are  considered  acceptable  for  water-quality  monitoring- 
The  remaining  lA  off-post  wells  include  A  domestic  wells  and  10  wells 
Installed  by  the  Army  prior  to  1985.  All  of  these  remaining  wells  are 
considered  to  be  of  adequate  construction  for  water-quality  monitoring, 
with  the  exception  of  Well  37305  which  was  abandoned  and  replaced  with 
a  new  well  Installed  under  Task  36.  This  new  well  (37370)  will  be 
available  for  future  long-term  monitoring  networks. 

(c) :  A  table  summarizing  the  rationale  used  in  selecting  each  well  for 
the  water-quality  network  will  be  included  In  the  Task  AA  Technical 
Plan . 


11.  Cooimeal: 


Page  5,  Paragraph  III 


Are  any  of  the  existing  wells  unacceptable?  If  so,  new  wells  must 
be  drilled  and  utilized  In  place  of  the  unacceptable  wells. 


The  existing  wells  will  not  evaluate  potential  pathways  In  the 
Denver  formation  unless  there  are  additional  wells  not  described 
herein- 


Shell  will  provide  recommendations  on  locations  of  propo.sed  Denver 
formation  wells  once  the  information  requested  In  No-  A  above  l.s 
supplied . 


Response: 

(a):  Fight  wells  de.slgnntcd  as  unacceptable  are  Included  In  the  Task 
AA  on-post  water-quality  monitoring  network.  .Six  of  these  wells  have 
been  monitored  historically  under  the  Basin  F  Monitoring  Program; 
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thereforei  they  will  continue  to  be  monitored  under  Task  to  maintain 
a  consistent  data  base  for  this  program-  As  discussed  in  the  Final 
Task  A  ISP  Report  (August  1987),  a  proposal  was  made  to  replace  these 
six  wells  with  nine  existing  wells  which  had  been  evaluated  and  found 
to  be  adequate  for  water-quality  monitoring!  however,  the  deletion  and 
replacement  of  the  six  wells  was  deemed  premature  by  the  CDH  and  the 
U-S.  EPA.  The  two  remaining  unacceptable  wells  ( 26006-aliuvlal  and 
05001-Denver )  were  included  in  the  Task  A/t  network  based  solely  on  the 
need  for  monitoring  in  their  respective  locations.  New  alluvial  wells 
are  proposed  for  installation  at  sites  EP/)5,  and  EPAb  and  have  been 
installed  at  Site  EPA/t  in  the  vicinity  of  Well  26006-  New  wells  have 
been  considered  around  Well  05001,  but  this  area  has  been  given  lower 
priority  than  other  areas  at  RMA  under  the  Composite  Weil  Program. 

(b) :  The  locations  of  potential  pathways  in  the  Denver  Formation  will 
be  assessed  as  further  geologic  and  hydrogeologic  interpretations  are 
completed  under  Task  AA-  These  interpretations  will  be  made  by 
incorporating  data  obtained  from  site-specific  tasks  (Tasks  25,  26,  36, 
38,  and  39)  with  data  collected  under  Task  AA.  Therefore,  data 
obtained  from  the  Denver  monitoring  network  presented  in  the  Letter 
Technical  Plan  will  be  supplemented  with  data  collected  from  additional 
Denver  wells  being  monitored  under  the  various  site-specific  tasks- 

(c) :  Shell's  recommendiit ions  on  locations  of  proposed  monitoring  wells 
will  be  given  consideration  under  the  Composite  Well  Program  along  with 
locations  recommended  by  the  DOA  and  its  contractors. 

12-  Cammeai: 

Page  5:  The  offpost  Denver  Formation  monitoring  well  discussion  is 
unclear.  How  many  Denver  wells  will  there  be  and  what  are  their 
locations?  If  there  Is  only  one  (as  stated),  the  proposed  network  is 
inadequate ■ 

Beaponse : 

Only  one  Denver  well  was  I’lcluded  in  the  Task  AA  off-post  network,  as 
all  other  off-post  Denver  wells  are  being  sampled  under  other  RMA  tasks 
(36,  39,  and  25)-  Data  from  these  sampling  efforts  will  be 
Incorporated  into  Task  AA  Interpretations- 

Presently,  12  new  Denver  wells  have  been  Installed  downgradlcnt  of  the 
North  Boiind.ary  Containment  System  under  Task  36-  Eight  of  these  wells 
are  off-post.  Those  eight  wells  were  completed  as  cluster  sites  to 
assess  the  vertical  potential  for  contaminant  migration  and  the  water 
quality  of  the  uppermost  Denver  Formation-  The  preliminary  water 
quality  and  hydrologic  data  from  these  wells  is  being  used  to  determine 
the  need  for  deeper  wells  and/or  wells  completed  further  downgradlent . 
The  Army  agrees  that  additional  off-post  Denver  monitorltrg  wells  are 
needed  In  the  regional  monitoring  programs  therefore,  the  new  off-post 
Installations  and  additional  sites  being  considered  will  all  be 
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evnliinted  for  Inclusion  In  the  comprehensive  long-term  monitoring 
program. 

13.  CQumienl.: 

Page  6.  top  of  page:  If  Task  kU  Is  to  be  an  Integration  task,  why 
aren't  all  the  wells  from  other  tasks  Incorporated?  If  the  other  task 
results  are  to  be  Incorporated,  the  sampling  of  the  wells  In  the  other 
tasks  must  also  be  coordinated.  Wouldn't  it  be  easier  If  all  the  wells 
were  Included  within  this  task,  rather  than  having  to  coordinate  all 
the  other  task  results? 

Page  6i  second  paragraph:  How  was  the  priority  rank  assigned?  What 
criteria  and  scoring  were  employed? 

BespQQse: 

(a) :  The  Task  network  has  been  designed  as  the  basic  framework  by 
which  the  objectives  presented  In  the  Delivery  Order  for  Task  (see 
Pages  2  and  3  of  the  Letter  Technical  Plan)  can  be  achieved.  The 
Integration  of  all  ground-water  related  tasks  Is  Included  as  an 
additional  objective  (or  secondary  objective)  of  Task  .  The  Task  hh 
network  was  formulated  such  that  the  primary  task  objectives  could  be 
met  In  the  absence  of  supplemental  Information  generated  by  the  various 
site-specific  tasks.  However,  since  site-specific  tasks  are  being 
completed,  supplemental  Information  will  be  used  to  further  ensure  that 
Task  i\k  objectives  are  met  and  that  the  overall  R1  objectives 
concerning  surface  and  ground  water  at  RlIA  are  achieved.  In  order  to 
maintain  time-consistent  analytical  results,  attempts  have  been  made  to 
coordinate  all  RMA  ground-water  tasks. 

(b) :  Priority  rankings  were  assigned  subjectively  by  assessing  the 
value  or  worth  of  each  well  based  on  the  criteria  listed  on  Page  6  of 
the  Letter  Technical  Plan. 

1^.  Comnieal: 

Page  7.  bottom  of  page:  Wells  should  not  be  excluded  from  the  network 
on  the  basis  that  their  yield  Is  low.  In  many  areas  of  RMA  (l-e., 

South  Plants  area)  the  sediments  arc  relatively  tight.  Please  explain 
what  consideration  these  wells  were  given. 

Eespense: 

The  only  wells  that  were  automatically  excluded  from  the  Task 
network  on  the  basis  of  low  yield  were  wells  thcit  have  previously  not 
recharged  sufficiently  In  24  hours  to  allow  a  sample  to  be  collected 
according  to  USATHAMA  sampling  protocol.  Other  low  yield  wells  were 
excluded  only  If  adjacent  or  nearby  wells  screened  In  the  same  water¬ 
bearing  zones  were  available  and  hod  historically  provided  higher 
yields.  Please  refer  also  to  our  response  to  CDH  Specific  Comment  11. 
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15-  EigUEB_2 

Where  are  the  wells  which  are  to  be  drilled  off  of  the  RMA? 

-  As  the  Boiler  well  Is  questlonablei  why  not  use  E-37  as  an 
additional  monitoring  well? 

Insufficient  wells  off  the  Northwest  Boundary  will  hamper  the 
evaluation. 

SespQQSfi : 

A  location  map  with  specific  off-post  wells  (by  task)  is  In  the 
Composite  Well  Program  Report-  Site  E37  Is  v;est  of  the  Northwe.st 
Boundary  Systenit  far  removed  from  the  Boiler  well.  Alluvial  well  373AA 
Is  adjacent  to  the  Boiler  well  and  Is  being  sampled  quarterly  under 
Task  •  Task  AA  will  assess  the  need  for  wells  off-post  of  the 
Northwest  Boundary  and  make  recommendations  for  drilling  In  future 
monitoring  programs - 

16-  Couimeul: 

Page  8)  top  of  page:  It  is  the  position  of  Shell  that  the  ranking 
system  should  have  been  reviewed  with  the  MOA  parties  and  It  Is 
requested  that  this  be  done- 

fieapunse: 

Comment  Is  well  takeni  and  a  discussion  meeting  will  be  scheduled  In 
the  near  future- 

17-  Connueiiis 

Page  8.  second  paragrapli:  The  determination  by  the  Program  Manager  of 
action  levels  appears  to  be  In  conflict  with  SARA.  Also,  the  EA 
process  has  not  Involved  the  How  Clean  Is  Clean  subcommittee .  and 
therefore,  is  not  obtaining  the  It. put  of  other  parties. 

fiespenae: 

The  second  paragraph  on  page  8  refers  to  the  use  of  guidance  levels, 
not  action  levels-  Tliese  guidance  levels  were  used  to  focus  the  well 
selection  process  toward  a  network  that  would  more  effectively  define 
contaminant  dls  t  r  1  but  lon.s  -  The  guidance  levels  are  based  on  either 
stale  or  federal  regulatory  criteria  where  available  and  are  therefore 
not  arbitrary  dctcrnilnatluns  by  the  Progr.im  Manager-  Only  In  the 
absence  of  such  regulatory  criteria  are  guidance  levels  developed  on 
attolher  basis-  In  the  majority  of  cases  where  regulatory  criteria  are 
not  available,  guidance  levels  are  designated  as  the  method  detection 
11ml  t  - 
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Although  the  Task  A/i  l.ctter  Technical  Plan  was  not  meant  to  he  a  forum 
for  discussion  of  the  EA  process,  the  comment  concerning  conflicts  with 
SARA  and  Input  of  other  parties  Is  unclear.  Shell  should  provide 
additional  information  to  clarify  these  statements. 

18.  Catmnenl: 

Page  9,  top  of  page:  Shell  disagrees  with  the  approach  being  used  to 
select  action  levels-  How  can  the  Army  Indicate  that  the  action  levels 
will  be  within  the  same  order  of  magnitude  as  the  guidance  levels  In 
Task  kUt 

Response: 

The  method  for  determining  action  levels  for  the  EA  was  not  discussed 
In  the  Task  Ut\  Letter  Technical  Plan:  therefore,  this  comment  needs 
further  clarification.  However,  the  Army  does  agree  that  It  cannot  be 
determined  at  this  time  whether  action  levels  will  be  within  the  same 
order  of  magnitude  as  the  guidance  levels  used  In  Task  hh  ■ 

19.  Counueui: 

Page  8,  first  paragraph:  Isolated  slugs  of  contamination  resulting 
from  fluctuation  In  the  water  table  In  the  vicinity  of  the  Northwest 
Boundary  might  also  be  a  plausible  explanation  for  Inconsistent  hits 
near  the  detection  limit. 

Beaponse: 

It  Is  assumed  that  Comment  19  is  directed  toward  the  discussion 
presented  on  Page  9  rather  than  Page  8-  Water-quality  and  water- 
quantity  results  obtained  from  previous  RMA  ground-water  monllorliig 
investigations  have  indicated  that  significant  fluctuations  In  the 
water  table  are  not  apparent  at  RMA.  The  possibility  of  contaminant 
slugs  Is  being  Investigated  under  boundary  system  tasks. 

20-  Cotument: 

Page  9:  Wells  with  inconsistent  analytical  results  should  not  be 
eliminated  I  especially  when  those  results  Indicate  that  contaminant 
levels  may  be  or  have  been  very  high.  Many  wells  In  the  South  Plants 
area  fall  Into  this  category.  If  anything,  these  wells  should  be  given 
extra  consideration  a.s  they  may  represent  proximity  to  source  areas. 

Bespouse: 

Weils  with  Inconsistent  analytical  results  were  not  necessarily 
eliminated  from  the  network.  Analytical  result  consistency  was  used 
only  as  a  means  of  assessing  the  reliability  of  the  water-quality  data. 
Becau.se  of  the  variety  of  explanations  that  can  be  given  for  sporadic 
results,  cotislstent  trends  were  generally  considered  more  reliable. 
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However,  wells  were  not  ellmln.ntcH  solely  on  the  basis  of  Incons I .st ent 
analytical  results- 

21.  CqidiiibdI.: 

Page  111  Figure  5:  The  Inferred  bedrock  paleochannel  map  correlates 
well  with  the  MKE  Interpretation,  with  the  exception  of  Section  3i'i . 
Drilling  conducted  In  1986  by  MKE  Indicates  that  the  small  channel 
originating  In  Section  35  Is  not  continuous  through  Section  3ti .  The 
channel  picks  up  again  In  the  northwest  quarter  of  Section  3^. 

Besponse: 

The  locations  of  Inferred  paleoch.nnnels  shown  on  Figure  5  were 
established  based  on  available  geologic  and  hydrogeologlc  ln£orm;ilIon. 
This  map  will  be  updated  and  revised  accordingly  as  Task 
Interpretations  arc  completed-  These  Interpretations  will  Incorporate 
data  generated  under  Tasks  25,  26,  38,  39,  and  and  Shell 
Investigations-  Please  refer  also  to  our  response  to  CDll  Specific 
Comment  lA. 

22.  CQiomcnt: 

Figure  4 !  Doe.s  the  .saturated  alluvium  map  represent  a  wet,  dry,  or 
average  year?  Both  the  high  and  low  water  tabic  conditions  need  to  be 
considered  to  Insure  unbiased  selection  of  wells  In  areas  where  water 
level  fluctuations  produce  periodic  saturation  of  alluvial  sediments. 

Response; 

The  approximate  areal  extent  of  unsaturated  alluvium  presented  In 
Figure  was  constructed  by  modifying  the  unsaiurated  alluvium  map 
presented  In  the  Final  Report,  Selection  of  Contaminant  Control 
Strategy  for  Rocky  Mountain  Arsenal  (RMACCl’MT,  1983)-  Modifications 
were  made  based  on  the  results  of  the  Task  ^  water-quantity  survey 
which  consisted  of  four  quarters  of  water-level  measurement  data-  In 
general,  the  boundaries  of  unsaturated  alluvium  shown  in  Figure  ^  were 
defined  by  wells  periodically  found  to  be  dry  during  Task  U-  Areas 
depicted  a.s  saturated  contain  Task  A  wells  found  to  contain  water 
consistently  throughout  the  duration  of  Task  A-  However,  this  map  will 
be  revised  as  additional  data  arc  generated  and  as  further 
hydrogeologlc  Interpretations  are  made ■ 

23-  CoDiuienl: 

Page  12:  The  localized  groundwater  flow  In  Section  3  could  be 
Illustrated  to  depict  the  movement  of  the  DBCP  plume  from  the  Rail 
Classification  Yard  In  Section  3  to  the  Itondale  Containment  System  In 
Section  33- 
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Response: 

Ground-water  flow  directions  shown  on  Figure  6  are  based  on  the  results 
of  previous  RMA  hydrogeologlc  studies  (May  1982)  and  recent  (Task.  A) 
water  table  contour  maps-  Flow  directions  were  not  drawn  with 
Inference  to  any  previously  Identified  contaminant  dlstrlbutlcns. 
Therefore  I  It  would  be  Inappropriate  to  depict  the  movement  of  DBCP 
contamination  from  the  Rail  Classification  Yard  to  the  Irondale 
Containment  System  as  a  localized  ground-water  flow  direction  In 
Figure  6. 

Cosiiiient: 

Page  13<  first  paragraph:  We  believe  that  the  data  Is  Insufficient  to 
allow  the  Judgments  which  are  being  made  relative  to  the  depth  of 
monitoring  required- 

Response : 

Data  resulting  from  evaluations  of  vertical  cotUainlnant  distributions 
were  used  to  assess  only  the  maximum  depths  of  contamination  for  each 
well  cluster  location.  These  evaluations  were  made  by  comparing  all 
historical  analyte  concentrations  available  for  each  well  In  a  given 
cluster  to  established  RMA  guidance  levels.  If  nearby  wells  completed 
In  vertically  adjacent  aquifer  zones  were  not  avaliablet 
recommendations  for  Installation  of  new  Denver  wells  were  made  ns  a 
part  of  the  Composite  Well  Program.  If  concentrations  of  contaminants 
above  guidance  levels  are  Identified  at  the  maximum  depth  of  monitoring 
under  Task  AA)  recommendations  will  be  made  for  Installation  of  wells 
In  deeper  aquifer  zones  and  Inclusion  of  these  wells  In  the  subsequent 
comprehensive  long-term  monitoring  program. 

25.  Caoioeui: 

Page  17:  More  wells  are  needed  in  the  North  Plants  area,  Section  25. 
The  currently  proposed  network  does  not  adequately  cover  any  potential 
migration  from  this  impnrtant  agent  manufacturing  site. 

Response: 

The  need  for  additional  monitoring  wells  In  the  North  Plants  area  Is 
being  addressed  as  part  of  Task  42.  Seven  new  wells  are  being 
installed  In  the  North  Plants  area  under  Task  42,  these  wells  will  be 
considered  for  Inclusion  in  future  RMA  regional  ground-wntcr  monitoring 
programs.  In  addition,  several  new  wells  are  proposed  for  Installation 
In  the  .area  between  North  Plants  and  the  North  Boundary  under  the 
Composite  Well  Program.  For  example,  a  cluster  of  one  alluvial  well 
and  two  Denver  wells  has  been  installed  at  site  EP74  as  part  of  Task  44 
in  the  south-central  portion  of  Section  23-  The  need  for  additional 
monitoring  wells  In  the  North  Plants  area  will  be  re-evaluated  based  on 
the  results  of  Tasks  25,  36,  42,  and  44- 
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26.  ComniGnt, : 

Page  19,  first  paragraph:  Are  there  other  lenticular  sands  that  need 
to  be  checked?  Shouldn  t  all  the  results  from  the  well  closure  program 
be  Included  before  wells  are  selected  for  the  Denver  Formation? 

Eeapouse: 

A  complete  assessment  of  water-bearing  zones  In  the  Denver  Formation 
will  be  made  as  Task  kfi  geologic  and  hydrogeologlc  interpretations  are 
completed.  The  results  of  these  interpretations  will  be  presented  in 
the  Task  /|/i  Final  Report  and  will  be  used  to  guide  future  long-term 
monitoring  investigations.  The  Task  UU  Interpretations  will  be  made 
using  data  available  on  all  existing  wells  at  RMA  Including  wells 
recommehded  for  abandonment  under  the  Well  Closure  Program. 

27.  Coaimcui: 

Page  19,  second  paragraph:  This  paragraph  could  be  undeistood  to  Imply 
that  "three  major  hydrogeologlc  zones  of  the  Denver"  are  loutul  Arsenal- 
wide.  This  is  not  the  case,  and  It  should  be  clarified  that  all  three 
of  the  described  zo:ies  are  only  found  lt»  the  Basin  A/f>ouLh  I’lani.s  area. 
Also,  a  review  of  available  data  Indicates  that  the  tabular  satui  below 
the  ilgnltlc  horizon  ranges  from  5  to  30  feel,  not  50  feel  ;\s  stated  In 
the  text. 

Eespunae: 

Specific  references  to  Denver  lithologic  units  h.nve  been  removed  from 
the  Task  Technical  Plan  and  will  be  discussed  In  delali  In  the 
Task  Uti  Final  Report. 

28.  Cauuuenl: 

Table  6:  It  Is  recommended  that  the  analytes  Include  Army  degrad.at Ion 
compounds  currently  under  certification.  In  addition,  the  Army  should 
add  other  degradation  compounds  as  they  are  certified. 

Eespaasc: 

Thlodlglycol  Is  the  most  recent  Army  degradation  compound  for  which  an 
analytical  method  has  been  certified.  Analytical  methods  that  become 
certified  for  analysis  of  additional  degradation  compounds  will  be 
considered  Cor  inclusion  in  future  long-term  monitoring  analytical 
programs . 
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